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INTRODUCTION 
The data used in this study were obtained from an exposure of the 
CERN Big European Bubble Chamber (BEBO, filled with liquid hydrogen, 
to a radio-frequency (RF) separated K+ beam of 70 GeV/c nominal momen-
tum. 
As a first step 42.000 pictures were taken in October 1977. In 
April 1979 the number of available pictures was increased to 163.000 
pictures. 
( *) These pictures were processed in six laboratories^ . In addition 
to the Nijmegen group, these were the experimental high energy groups 
of the Inter-University Institute for High Energies in Brussels 
(Belgium), of the European Organization for Nuclear Research, CERN in 
Geneva (Switzerland), of the University of Genova (Italy), of the 
University of Mons (Belgium), and of the Institute for High Energy 
Physics of Serpukhov (USSR). 
All events of the first data taking period were measured and used 
in the present analysis. Of the second period approximately 60Ï of the 
events could be included in the data sample. This brought the total 
number of events used in this study to approximately 50.000, corres-
ponding to a sensitivity of 2.83 events/yb. 
So far experiments using RF-separated K+ beams have only 'been pos-
sible at lower energies, namely at 5, 8.2 and 16 GeV/c using the CERN 
2m bubble chamber and at 32 GeV/c using the Mirabelle bubble chamber at 
(*) In the initial phase of the experiment the high energy physics 
group from Tel-Aviv University was also a participant. 
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the Serpukhov accelerator. The samples at 5, Θ.2, 16 and 32 GeV/c (to 
which we will make frequent references) correspond to 3.1 events/yb, 
6.2 events/yb, 6.2 events/yb and 7 events/yb respectively. 
An energy of 70 GeV is approximately the limit for separating 
K+-mesons from n+_
m
esons and protons using RF techniques. At energies 
substantially higher than 70 GeV/c, only beams "enriched" in K+-mesons 
are possible. Until now only one such an experiment has been done, nl. 
at FNAL at an energy of 147 GeV/c. "Enrichment" means that the relative 
proportion of kaons in the beam is increased by making the beam tra­
verse a solid filter. As the interaction cross section for kaons is 
smaller than for pions and much smaller than for protons, the fraction 
of kaons in the beam thus becomes larger. The K + fraction obtained in 
this experiment was only of the order of 10%; as a result the 
yb-equivalent for K + induced reactions was only 0.11 events/yb. The 
present 70 GeV/c K+p experiment, with its sensitivity of 2.83 
events/yb, is therefore the highest energy K + exposure allowing a sta­
tistically meaningful analysis. 
Among the most important topics that can be analysed in high enery 
GeV/c K+p interactions in BEBC are the inclusive distributions for π +, 
π
-
. Kg, ρ, Λ, Λ, Δ + + and Копр production. In this thesis the inclusive 
production of K°, Л, Л and Kog2 is studied. The semi-stable particles 
were detected through their decay modes, K° —> π +π~ (68.6%), 
Λ — » ρ π" (64.2%) and Λ -> ρ τ + (64.2%) respectively. In BEBC the detec-
«+ 
tion efficiency for each of these modes is as high as 70%. The K O Q 2 re­
sonance was studied using K° n + effective mass distributions; approxi­
mately 33% of this resonance decays into this mode. 
In chapter I we present details on the beam and the bubble 
chamber. Chapter II describes the scan and measurement system used at 
Nijmegen to process BEBC pictures. In chapter III we describe the data 
reduction chain, i.e. the large number of operations needed to derive 
from the raw film data the quantities required for further analysis. In 
addition, quality checks on the measurements of all participating labo­
ratories are presented. Chapter IV deals with the selection of neutral 
particles and in particular with the resolving of the various ambigui­
ties which hamper the neutral particle identification. In chapter V we 
determine the microbarn-equivalents and the topological cross sections; 
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we also describe the procedures used to calculate inclusive neutral 
strange particle production cross sections. In chapter VI we study in­
clusive K° production and make extensive comparisons with the data ob­
tained at 32 GeV/c. Chapter VII deals with inclusive Λ and Λ 
production; again our data are compared with results obtained at lower 
energies. In chapter VIII we show results on inclusive production of 
*+ 
the K g g 2 - r e s o n a n c e a nd * t s spin density matrix elements. Chapter IX is 
reserved for conclusions. 
- 13 -
Schematic drawing of the 400 GeV proton synchrotron shoeing the link 
(ria transfer tunnel Π IO) with the PS. which serves as injector. 
Six auxiliary buildings (I 6) and access shafts, located a! the long 
straight sections of the machine, are indicated, together with a seventh (7) 
located over ¡he beam ¡me to the West Experimental Area and the 
Putts Géme С ml (PGC) which *as used during the machine tunnel 
. The transfer tunnels ΓΓ60 and TT20 are used to send 
accelerated beam to the West Experimental Area and Sorth 
Experimental Area respectively. The experimental halls and the location 
of iome detection systems are shown. 
I 
Fig· 1,1: General layout of the CERN accelerators. 
CHAPTER I 
BEAM AND BUBBLE CHAMBER 
I.1 The beam 
In this experiment we used the RF-separated beam for BEBC, 
tuned to separate 70 GeV/c K + mesons from n + mesons and protons. This 
beam originates from a target struck by protons of approximately 400 
GeV/c momentum after their extraction from the CERN SPS. Fig. 1.1 shows 
the general layout of the CERN accelerators. The RF-beam starts from 
the target T7 and extends over a length of 895 meters before entering 
BEBC, located at the end of the West Experimental Hall. 
1.1.a General description of the beam 
Considering the total length of 895m available, the intercavity 
distances for the three stage RF-system could be taken as large as 192m 
and 312m, respectively. This allows for separation of K + particles in 
the momentum range from 0 GeV/c to 70 GeV/c. The lay-out of the RF-beam 
is shown in fig. 1.2. 
The beam has three stages: 
- In the first stage of the beam, a vertical bend of 42.33 mrad pro­
vides the desired particle momentum of = 70 GeV/c. At the momentum 
slit (collimator C3) we have a dispersion of 2.2 mm for a Δρ/ρ of 
0.1%. The same bend brings the beam up from the SPS level to the 
level of BEBC. 
- The second stage performs the mass separation. This separation is 
effectuated in the horizontal plane using only two radio frequency 
fields (RF1 and RF3) at a distance of 504m. They operate in a pulsed 
- 15 -
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mode at a frequency as high as 5712.7 MHz. Each RF-pulse takes 5 vs. 
The "unwanted" particles ( π + and p) receive a final deflection by 
the RF-cavities, which is smaller than that of most of the "wanted" 
particles (K+) and are thus sent into a collimated beam stopper i.e. 
C6. 
- The third stage serves for the cleaning and shaping of the beam be­
fore it enters BEBC. The momentum of the beam is again redefined by 
means of several bending magnets, giving the final Δρ/ρ of .25%. In 
addition a beam tagging system consisting of two threshold Cerenkov 
counters and two coded scintillation hodoscope counters is incorpo­
rated in this stage of the beam line. 
The beam optics can be controlled and tuned with a set of 10 
multi-wire-proportional-chambers (MWPC's), a scintillation counter and 
the hodoscope counters of the beam tagging system. The quality of the 
particle separation obtained with the RF-system is checked with the two 
Cerenkov counters of the beam tagging system. To estimate the contami­
nation by muons (which are not eliminated by the mass separation pro­
cess, since muons are not absorbed by the beam stopper) a different 
method had to be used. The RF-cavities are turned off in order to stop 
all hadrons on the beam stopper. The muons however pass through the 
beam stopper and produce tracks in BEBC. Scanning pictures with the 
RF-system turned off for beamlike tracks thus gives a value for the 
muon contamination. The π and μ-contaminations were determined to be 
-2% and =1i respectively'-2·'. 
I.l.b Two particle rejection with a two cavity RF-system 
First we consider the case, where one wants to separate one 
particle from a second "unwanted" one. A momentum analyzed beam of 
"wanted" particles with rest mass m mixed with "unwanted" particles of 
a different rest mass m
a >
 passes successively through two radio 
frequency (RF) fields. The period of the RF-fields is taken much 
smaller than the beam burst duration. The particles get a deflection 
A-pSiniut in the field of RF1. The beam optical system transforms this 
deflection in -A.,.sin<Dt at the center of RF2. The relative phasing of 
- 17 -
1? the two cavities φ is adjusted in such a way that the entry phase of 
the "unwanted" particles (called 'a') is the same in RF2 as in RF1. If 
one puts the deflection amplitude A 2 in RF2 equal to A.j, all "unwanted" 
particles will be brought back to the axis, independently of their 
entry phase. Since the "wanted" particles have a mass different from 
the "unwanted" ones, they will arrive in RF2 with a time delay T
a w 
corresponding to a phase difference ф
а и
. For ultra-relativistic 
particles we have: 
„τ „2.2 1,112 ma _ r aw (1.1) 
λ p2 
L 1 2: distance between the center of the deflecting fields, 
ν : frequency of the deflecting fields. 
λ : wavelength of the deflecting fields, 
ρ : particle momentum. 
The deflection D " of the "wanted" particles after RF2 (with 
A.=A2=A) will thus be: 
D£(t) = 2A.sin(Taw/2).cos[üjt+(Taw/2)] (1.2) 
For the "wanted" particles the deflection will generally be different 
from zero, causing a spatial separation from the "unwanted" ones. 
Purification is now achieved by placing behind RF2 a central beam 
stopper whose acceptance is chosen so as to stop all "unwanted" 
particles. 
Normally two kinds of "unwanted" particles (a,b) have to be 
separated from a third one (w). The final deflection of the most 
12 
abundant particle, say 'a', can be made zero by a proper choice of Φ . 
The maximum deflection tíí is then fixed and is given by 
Do=2A.sin(T„,/2). However the maximum deflection of the 'b' particles ¿ aw 
is also fixed by the choice of φ 1 2 and given by D2=2A.sin(x
ab/2). The 
cancellation of this deflection will only be perfect if -r
ab=2N^ 
(N=1,2,...). Inspection of formula 1.1 shows that this condition is 
only fulfilled for so-called "magic" momenta corresponding to 
N=1,2,etc. These momenta are listed in table 1.1. 
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Table I. 1 
Beam 
К* 
Ρ 
+ 
"Magic" momenta for the BEBC RF beam 
Momentum [GeV/c] 
L 1 2 = 192 
39.7 
28.0 
22.9 
20.3 
34.1 
21.1 
гг L 1 2 = 312 m 
50.6 
35.7 
29.1 
25.8 
43.5 
30.7 
L 1 2 = 504 
64.3 
45.4 
37.1 
32.8 
55.3 
39.0 
m 
2u 
1 
2 
3 
1 
1 
2 
δφ 
2lsin a w | = 
2 
1.46 
2.0 
1.3 
1.0 
1.8 
1.6 
D
w
/A 
K+ 
From this table one can see that the highest K + momentum fulfil­
ling the condition τ3ΐ)=2Ν.π is 64.3 GeV/c. It can be shown that the 
separation conditions deteriorate rapidly if this condition is not ful­
filled. However the momentum region for two particle rejection can be 
somewhat extended by symmetrizing the (maximum) deflections of 'a' and 
'b' particles. For our 70 GeV/c K + beam τ
π+ρ=
ο.32ττ, so D2=D^=0.5A 
and T_+,.+rl .55 IT, so D | = 1.6A; with these "choices" one achieves a 
separation at 70 GeV/c better than 97%. 
The "narrow" momentum regions where two-particle rejection is pos­
sible in a two cavity separator are due to the fact that once L,2 and 
are chosen, there remains only one free parameter φ , to cancel Щ. 
This difficulty can be overcome by a three cavity separator. In such a 
system, once Ц 2 , L.,, and are chosen, one still has four parameters 
to play with: the de-phasings Φ , φ J and the ratios of the deflection 
amplitudes A.,, A 2, A^. It can be shown that the amplitude and phase of 
the three deflecting fields can always be adjusted in such a way that 
their vector sum is zero for both particles 'a' and 'b'. Figure 1.3 
shows the BEBC RF beam separation curves for K+, using various combina­
tions of two and three cavities. 
- 19 
40 50 60 70 80 90 100 
K± Momentum (GeV/c) 
Fig. 1.3: К separation curves. 
The horizontal axis is equal to the momentum region and the vertical 
axis is proportional to the flux of "wanted" particles. One can see 
that above 64 GeV/c the K + flux obtained using three cavities is more 
or less the same as the one obtained using cavities 1 and 3 only. Since 
a two cavity separation is much easier, only cavity 1 and cavity 3 were 
used for our 70 GeV/c K + beam. Above 70 GeV/c the beam flux becomes too 
low and/or the ir+-contamination too high. The simplified picture given 
above has to be corrected on several points due to factors such as: 
.the deflection is produced over a finite length 1. 
.the angular opening of the beam in the mass separation (=horizontal) 
plane in the center of RF1 is different from zero and has to be 
added to the deflections given by the RF-cavities. 
.ampJitude errors and various phasing errors increase the "unwanted" 
particle image width. 
These problems can be overcome by reducing the acceptance of the colli-
mated beam stopper. This however would also reduce the flux of "wanted" 
particles in the bubble chamber. 
- 20 -
1.2 The Bubble Chamber 
I.2.a General discription of the bubble chamber 
The bubble chamber used in this experiment is BEBC i.e. the Big 
European Bubble Chamber. It belongs to the series of very big bubble 
chambers with a typical diameter of 3 - 5 meter. Their construction and 
optical system differ very much from the "classical" medium size 
chambers (like the CERN 2m bubble chamber). The latter usually have a 
rectangular shape with the largest dimension in the direction of the 
incoming beam. The front- and (in most cases also) the backplane of the 
chamber-vessel are formed by large windows. The whole chamber can then 
be illuminated in such a way that the cameras only receive light scat-
tered by the bubbles (dark-field illumination). This type of construc-
tion however could not be extrapolated much further in an efficient 
way, due to the increasing hydrostatic pressure and the huge volumes of 
liquid hydrogen to be controlled. The very big new bubble chambers are 
cylindrical (or spherical) all-metal cryogenic vessels containing very 
small windows, through which one takes photographs with wide angle 
(fish-eye) objectives. The inside walls are covered by optical material 
(=Scotchlite) having the property of reflecting light back in the di-
rection of incidence only. The illumination technique is now based on 
the fact that light from a localised flash close to a camera will only 
"illuminate" this specific camera. If the light ray sent back by the 
Scotchlite meets any obstacle on his way back to the camera, for exam-
ple due to presence of vapour bubbles, then nearly all the light inten-
sity in this area will be scattered away from the lens. Bubble tracks 
on the film negative appear as bright lines on a dark background 
(bright-field illumination) . 
The bubble chamber body of BEBC is a cylindrical metal vessel, 
about 4m high and 3.7m in diameter, able to contain 35.000 litres of 
liquid hydrogen. It has an expansion piston at the bottom and a 
hemisphere containing the windows of five optical units at the top. 
Figure 1.4 shows this body while it is being lowered into the 
surrounding vacuum tank (9.2m high and 3-9m in diameter). 
- 21 -
Fig· 1.4: Lowering of the chamber body into the surrounding 
components. 
A cross section through the complete bubble chamber set-up is shown in 
fig. 1.5. Two superconducting coils, cooled by liquid helium, generate 
the homogeneous magnetic field of 35 kG. The whole installation is 
housed in a cylindrical iron shield, 40cm thick, having a total weight 
of 2000 ton, which reduces the magnetic stray field to acceptable va-
lues in the BEBC control room and in the vicinity of the beam transport 
elements. The temperature of the chamber liquid is controlled by means 
of heat exchangers. They are operated with liquid (gaseous) hydrogen by 
a simultaneous adjustment of the liquid flow and pressure, resulting in 
a liquid hydrogen temperature of approximately 26°K. 
- 22 -
4U-T 
Fig. 1.5: Diagram showing eestion through chamber. 
The cooling installations for BEBC are able to produce 700 litres/hour 
of liquid helium at 6°K and 1000 litres/hour of liquid hydrogen at 
23°K. The pressure is kept at 5.3 kg/cm2. By means of the piston at the 
bottom adiabatic expansion and recompression of the liquid hydrogen is 
accomplished. A pressure drop of 3.8 kg/cm is required to bring the 
liquid in a condition sensitive to bubble formation. The particles are 
injected just before the minimum chamber pressure is reached. Strings 
of vapour bubbles are formed along the paths of the charged particles 
(tracks). Approximately 10 milliseconds of time is needed to grow bub-
bles of the proper size. The photographic flash is therefore delayed by 
the same amount of time with respect to the particle injection. The 
variation with time of the piston movement and the resulting bubble 
chamber pressure is shown in fig. 1.6. 
- 23 -
% 
о 
0 5 
- 1 0 
) ¿Б 35 eS в о 1 0 0 Time [mi]' 
ι ι 
Partici« Flash 
Injection 
[bar] A Pressura 
0 S S ¿0 β5 Д о Time [ms) 
Particle Flash 
rojection 
Fig. I.6: Variation of piston movement and 
resulting pressure with time. 
Since the expansion of the bubble chamber has to be initiated before 
the particle injection it is not possible to use fast external elec­
tronic detectors to trigger on specific types of interactions. The 
flashlight and the camera movement however can be triggered since they 
are sufficiently delayed with respect to the particle injection; this 
is a technique which can be useful to avoid unwanted picture-taking. It 
is mostly applied for small rapid cycling bubble chambers which can 
make 10 to 30 expansions per accelerator cycle. Big bubble chambers 
however need a recovery time of 2 to 3 seconds after each expansion. 
I Piston movement volume 
ε 
τβ change J 
= " I 
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BEBC can only be operated properly in single, double and triple pulsing 
mode, which means one, two or three expansions in each SPS-accelerator 
cycle of approximately θ seconds. Thus for BEBC, flash-triggering be­
comes less advantageous. 
A BEBC-camera picture of an event with three visible neutral 
strange particle decays is shown in fig. 1.7. The five optical units of 
the BEBC optical system are arranged in the form of a regular pentagon 
mounted on top of the chamber. Four of these units have in their center 
wide angle (fish-eye) lenses with annular flash tubes rigidly connected 
to the film transport system and a databox. In the fifth unit one can 
install either another camera or a periscope. The optical axes are in­
clined by 13° with respect to the chamber axis; this allows for the re­
construction of particle tracks in space with a precision better than 
0.3 mm, irrespective of their direction. A more detailed description of 
the bubble chamber can be found in ref. [3]. 
I.2.b Merits and limitations of big bubble chambers for high energy 
( = 100GeV) hadron physics'-4-' 
In the construction and usage of big bubble chambers one faces a 
number of technical problems, some of which can only be partially re­
solved. The most important technical shortcomings are: 
a) The big influence of thermal turbulences; they put a limit of 
250-500 μ on the spatial resolution. 
b) The limited number of expansions per accelerator cycle; the triple 
pulsing mode of BEBC is already a technical achievement. 
c) The poor contrast due to the use of bright-field illumination. As a 
result a reliable identification of protons by visually estimating 
the bubble density is possible only up to a momentum of 
1.2 GeV/c [ 5 ]. 
d) The distortion and calibration problems coming from the usage of 
fish-eye optics. These make it difficult to associate tracks of de­
caying neutral particles to a primary interaction at the scanning 
level. 
e) The influence of the high magnetic field on the expansion system. 
Eddy currents heat up the expansion system and cause parasitic 
- 25 -
Fig-. 1.7: ВЙВС ewent with three visible neutral strange partiele 
decays. 
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boiling near the edges of the piston. 
In spite of these shortcomings it has been very useful to use big 
bubble chambers for hadron physios at high energies (=100GeV). The most 
important reasons being: 
a) The possibility to detect and identify a larger fraction of the pro­
duced neutral semi-stable particles (K°, Λ, Λ) through their decay 
products seen in the bubble chamber. 
b) The possibility to determine charged particle track identities (i.e. 
the masses of the particles involved) from the momentum loss along 
their trajectory. Since most of the tracks are now measured over 
longer distances it is possible to take into account this momentum 
loss in the geometrical reconstruction of each track. This provides 
a powerful tool for particle identification, especially for the low 
momentum tracks. For momenta below 0.9 GeV/c, the efficiency of pro­
ton identification in BEBC based on this method is higher than 90Í; 
it decreases to 30Í at 1.2 GeV/c'-5 . 
c) The possibilities to detect more γ's from π° decays via e+e~ pair 
production. 
d) The possibility to do préciser measurements of the momenta and 
angles of the particles involved. The measurement precision of these 
two quantities can be approximated by the empirical formulae : L J 
(Δρ/ρ) 2 = ^ /(Η 2υ + M 1 P
2
E
2/(H 2L 5) (1.3) 
(ΔΘ) 2 = C2L/p
2
 + M 2t
2/L 3, with (1.4) 
where : 
Η = the strength of the magnetic field in the bubble chamber. 
ε = the effective spatial resolution of the chain formed by the 
bubble chamber, its optical system and the apparatus used for 
measurement of the pictures. 
С«, С,, Μ-,,Μρ = numerical constants. The C-terms, which are the im­
portant ones for low momenta, represent the contributions from 
multiple Coulomb scattering. The M-terms represent the contribu­
tion from the apparatus chain; they become dominant at higher 
momenta. 
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From these formulas it is evident that it is important to have: 
. a high magnetic field 
. long tracks 
. a small e-value 
In BEBC the first two features are maximised; the e-value then more 
or less follows from the optical constraints and unavoidable turbu­
lences. One can calculate ^ ' that for momenta > 1 GeV/c BEBC will 
yield (Δρ/ρ) errors, which are on the average 6 times smaller than 
for the CERN 2m chamber. 
(*) Using: 
EBEBC= 300 ym; H B E B C= 35.0 kG; L B E B C= 300 cm. 
e2m = 6 0 vm' H2m = 1 7 · 5 kG"· L2m = 1 0° c m · 
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CHAPTER II 
SCAN AND MEASUREMENT SYSTEM 
At the Nijmegen laboratory the 70 GeV/c K+p interactions recorded 
by BEBC have been scanned and measured using two types of equipment: 
two scanning devices called Bessys and four machines, used both for 
scanning and measurement, called Abels. The Abels and the Bessys are 
linked to a PDP 11/Ц0 computer. The On-Line System (OLS) installed on 
this computer controls up to 13 scan and/or hand-measurement machines. 
The increase of the on-line equipment and related software necessitated 
by this experiment was one of the main local problems to be solved in 
order to make the analysis of this experiment possible in Nijmegen. 
II. 1 Scanning and measurement machines for BEBC-pictures 
II. 1.a The Bessys 
This device has been developed for the scanning and hand-measuring of 
pictures from BEBC. In Nijmegen it has been used for scanning only. 
The global features of the Bessys are: 
- A projection system composed out of four independent projection 
channels. Each of them contains a picture of a different view of the 
bubble chamber. Via a mirror on top of the device they produce a 
projection onto a horizontal table (130x160) cm , permitting the 
whole length of the film image and its full width to be seen 
(92x70) mm2 in one go. The magnification between the film plane and 
the table was approximately 17x. Distortions from the combined ef-
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feet of lens, lens-carriage, mirror and other relevant parts of the 
table are of the order of 10μ for an area of (84x70) mm on the 
film. 
- An event recording system consisting of an image plane digitizer 
with a bipolar coordinate system U,V (least count 50 v). The 
over-all precision of this system in the film plane (due to the pro­
jection and digitization) is approximately 20 μ . This is much more 
precise than needed for the (rough) recording of interaction and 
decay points at the scanning level. 
- A film transport system allowing both film transportation of each 
view separately or combined at a speed of 30 cm/sec. 
- A link taking care of the communication with the PDP 11/40 computer. 
The link controls the data flow from the Bessys to the computer and 
passes short messages from the computer to the operator. 
- An operator console containing switches, keyboards, displays, etc. 
to enter and check data, error codes, computer messages, etc.. 
The computer confirms the arrival of each operator action with a bleep. 
A high-tone bleep means that the operator can continue measuring and 
that the updated status of the measurement process is visible in the 
character display. A low-tone bleep signals to the operator that an 
error was discovered. A message in the character display tells the 
operator what action can be taken by him/her to correct this error 
and/or what action was automatically taken by the computer program. 
II.Lb The Abels 
The Abels have been used both for scanning and measurement. They 
are accurate hand-measurement machines with an extensive 
operator-computer interaction, designed to measure bubble chamber 
pictures from high energy (=l00GeV) experiments. The main advantage of 
these hand-measurement machines, compared to more automatic ones, is 
that they provide a good measurement efficiency even for very complex 
interaction structures. 
The principle of operation is the following: The views to be 
measured are clamped in film gates, which are an integrated part of a 
horizontal stage, the so-called XY-stage. The operator can move this 
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XY-stage relative to a fixed frame. A picture of the XY-stage mounted 
onto its fixed frame is shown in fig. II.1. 
Fig. II.1: Pía tuve of the XY-stage of the Abels. 
The XY-stage itself consists of a Y-carriage that moves in the 
Y-direction relative to the fixed reference framework and an X-carriage 
(mounted onto the Y-carriage) which can move relative to this 
Y-carriage in the X-direction. The view to be measured is projected 
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onto a scanning table underneath. The projected image moves according 
to the movements of the XY-stage. If the operator wants to measure a 
given point on the film, he/she moves the XY-stage until the projection 
of this point coincides with a fixed reference cross on the scanning 
table and then transmits the current x- and y-coordinates of the 
XY-stage to the computer. The measurement axis for the projected view 
is therefore always the light ray going through the optical center of 
the projector objective and the center of the reference cross on the 
scanning table. 
The global features of the Abels are: 
- A mounting on two levels. The top level consists of a fixed frame­
work carrying the XY-stage; on this stage are mounted the filmgates 
and the filmtranport. The lightboxes, the projection lenses and the 
reference-cross projector are mounted on the fixed frame. The ground 
ρ 
level consists of a horizontal projection table (130x160) cm and 
various consoles and control panels for the operator. 
- A measurement system consisting of linear digital encoders (least 
count 2 μ ) coupled to the very accurate XY-stage. The XY-stage move­
ments are controlled manually by means of a speed-ball. The maximum 
speed is 30 mm/sec. The positions of the XY-stage are recorded over 
p 
an area as large as (70x95) mm . 
- A projection system composed of four independent film projectors, 
producing a direct projection on the projection table. The magnifi­
cation between the film plane and the table is about 49x. 
- A TV-system for local magnification of a small projection area 
ρ 
(4x4)cm around the reference cross on the scanning table. A 
TV-camera located underneath the scanning table views a focussing 
screen installed in a hole of the scanning table. The position of 
this screen is such that it contains the projection of the reference 
cross. Looking at a TV-monitor connected to this camera, any point 
to be measured can be very accurately superposed with this cross. 
- A link connecting the Abel projector to the on-line computer 
(PDP 11/40). It controls the flow of data and signals from the Abel 
projector to the computer and vice versa. In addition it checks the 
communication lines and the operation of the Abel hardware. All 
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parts of the hardware that can be steered by the operator (projec­
tion system, film transport and XY-stage) can also be steered under 
computer control. This facility is used extensively to speed up and 
facilitate the measuring process. In particular stage movement under 
computer control allows for trackfollowing, automatic positioning on 
fiducial marks and vertices, etc. 
- An operator console containing a terminal, keyboards and displays to 
enter c.q. check data, error codes, computer messages and to request 
for computer controlled film and/or stage transportation. 
The computer confirms the arrival of each operator-action with 
bleeps similar to the ones described for the Bessys. Since all points 
are measured by making them coincide with the center of the projected 
reference cross all measurements are done using one and the same opti­
cal path; as a result no errors are introduced in the measurement pro­
cess by the projection system itself. Also the errors induced by the 
encoding system are negligible. Therefore the measurement precision de­
pends on the precision of the XY-stage only. Inaccuracies of the stage 
movement can be attributed to four different causes: 
I.The stage does not stay perfectly in a horizontal plane, but also 
moves in the vertical direction. This causes a change in magnifica­
tion, which reflects itself in errors for the x- and y-coordinates. 
2.The stage movements in the X-direction and/or in the Y-direction de­
viate from straight lines, due to inaccuracies in the construction 
of their guidance systems. 
3.Temperature changes cause drifts in the X- and Y-direction due to 
the dilatation of the (aluminium) X- and Y-camage. 
Ч.Тпе X- and Y-camage do not move exactly in mutually perpendicular 
directions. 
All Abels have been tested extensively for all the errors des­
cribed above through measurements of an accurate testgrid. The results 
are listed in Table II. 1. 
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Table II.1 
R e s u l t s of t e s t - g r 
Maximum d e v i a t i o n 
from s t r a i g h t l i n e 
X-axis 
Maximum d e v i a t i o n 
from s t r a i g h t l i n e 
Y-axis 
Maximum c o o r ­
d i n a t e e r r o r 
X-axi s 
Maximum c o o r ­
d i n a t e e r r o r 
Y-axis 
D r i f t o v e r 
30 m i n u t e s 
X-axi s 
D r i f t o v e r 
ЗО m i n u t e s 
Y-axis 
O r t h o g o n a l i t y 1 i n 
id m e a s u r e m e n t s 
ABEL 10 
±3μ 
±2 μ 
±3μ 
±6 μ 
14 μ 
Í2v 
40000 
ABEL 11 
±3μ 
±4 μ 
±3μ 
±2 μ 
<6μ 
<2μ 
30000 
эп t h e Abels 
ABEL 12 
±2μ 
±3μ 
±5μ 
±4μ 
44μ 
42 μ 
40000 
ABEL 13 
±2 μ 
±3μ 
±4 μ 
±4 μ 
44μ 
42 μ 
3500 
II.2 The OLS-system 
11.2.a The OLS facilities 
The OLS-system accepts data from 6 scanning machines and 7 
hand-measuring machines, stores them onto magnetic tape and provides 
all kinds of services to the operator in order to increase the 
measuring speed and quality. In the case of the Abels, where the 
hardware allows for an extensive computer-operator interaction, the OLS 
software system provides facilities such as: 
- Easy introduction and updating of scan and/or measurement specifica­
tions. These depend on the device and experiment at hand. Examples 
are: 
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.The reference fiducial-set for each view to be scanned and/or 
measured. 
.The views which have to be measured by the operator and those 
which are optional. A minimum and a maximum number of views to be 
measured and the order in which they should be measured can be 
specified. 
.Various parameters for the parabola fit used in checking the 
quality of the measured tracks. 
.Various parameters specifying the minimum accuracy that can be ac­
cepted . 
.The experiment number, etc.. 
- Еазу introduction and updating of fixed and variable data. At the 
beginning of a new shift the operator uses the computer terminal to 
connect either to the scan or measurement system and then specifies 
his/her (operator) number, the scan or measurement number and, if 
necessary, the film and foto number of the frame he/she wants to 
start from. This is the only instance that the operator uses the 
computer terminal to pass information to the computer. In all other 
cases he/she uses the Abel-keyboard because it is much simpler and 
faster. Before starting the measurement of an event the operator can 
either accept the standard order and number of views to be measured 
or select a set of his/her own choice. At the beginning of each 
event he/she specifies the event-type information. This information 
is picked up by the OLS-system together with the measurement of the 
first fiducial. 
- Automatic film transportation to the photo number specified by the 
operator and automatic change of views. 
- Automatic positioning near the fiducial to be measured. The measured 
fiducials are compared with the reference fiducial set to make sure 
that the correct set was measured. 
- Automatic repositioning on vertices and on points of tracks which 
have already been measured. 
- Trackfollowing. A simple parabola extrapolation routine is used to 
move the stage to a next point on a track. The stepsize is always 
taken equal to the previous one. The operator can increase 
(decrease) the stepsize by measuring a point further from (closer 
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to) the previously measured point than the one "proposed" by the 
trackfollower. 
- Deletion of points, tracks, views and events. 
- Checking of the operator measurement precision. At any time during 
the measurement of a track, the operator can ask the system to fit a 
parabola through the points measured so far on the track. The 
display tells him/her how many counts each point deviates from this 
curve. The operator can either use this information to find out 
whether he/she stayed on the correct track or to trace small kinks 
in the track. Since the highly curved (slow) tracks cannot be fitted 
to a single parabola, such tracks are cut in several overlapping 
parts and each part is fitted separately. Each completed track, 
before being accepted, is checked by the parabola fit routine. 
Tracks having too large residuals are rejected. In order to handle 
special circumstances (like accidentally large distortions in the 
bubble chamber), the operator is given the option to overrule the 
track rejection. 
- Global status-information on the scanning and/or measuring process. 
- Preservation of this status and the measurements when the operator 
stops measuring and the possibility to restart from any arbitrary 
point within the measurement process. 
- Procedure, consistency and completeness checks. These checks deal 
with questions like: 
.Can a particular label, given to a measured point, be correct at 
this stage of the measurement and/or is it consistent with labels 
given in other views and/or is it consistent with the event type 
specifications given at the beginning of the event? 
.Has a completed view been measured according to what is expected 
from the event-type specifications given by the operator at the 
beginning of the event? 
- Storing of each approved view onto disk or magnetic tape. 
- Administrative services. The OLS administration system facilitates 
the monitoring of the scan and measurement production and provides 
information for the planning of future measurements. 
Many of the facilities mentioned above for the Abels are also pro-
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vided for the other scan and measurement machines. Each machine of 
course can use only those facilities that can be effectuated by its own 
specific hardware. This type of scheme has the advantage that the basic 
scan and measuring procedures do not differ neither from one machine to 
another nor even from one experiment to another. This makes it easier 
for operators to mix working on different machines and on different ex-
periments . 
II.2.b The OLS software system 
The OLS software runs on a PDP 11/40 computer with 64K 16-bit 
words of memory. It has been installed under the RSX11M operating 
system. The RSX1IM system software consists of an executive routine, 
device drivers, the monitor console routine and the file system. It 
occupies almost 32K 16-bit words of memory. The OLS software system in 
its maximum configuration also needs approximately 32K 16-bit words of 
memory. The response time of the running system (OLS + RSX11M) is such 
that the operator does not notice a delay in the reaction of the 
computer to his/her actions. 
A simplified diagram of the OLS data communication system is shown 
in fig. II.2. The OLS devices and their communication links are con-
nected to the PDP 11/40 computer via standard manufacturer interfaces. 
A user written RSX11M device-driver is used to control operations on 
these interfaces and to perform I/O. The OLS input system collects data 
from the OLS devices and OLS terminals, puts them together into small 
packets, mails them to the basic OLS system and wakes it up to process 
the data packets. The OLS input system, which occupies less than 2K 
16-bit words, has been fixed into memory to allow for fast respons to 
outside data transfer requests. The basic OLS system can be swapped 
out. This is important for the other users since the basic OLS system 
uses only a minor fraction of the available CPU-time, but occupies al-
most all the memory available for user programs. 
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Fig. II.2: OLS data communication system. 
Fig. II.3 gives a block diagram for the basic OLS system. Its ker­
nel consists of a general data acquisition routine. The first time this 
routine is entered it calls the OLS initialization routine. This ini­
tialization routine performs the following operations: 
.Reading from disk the OLS device-control-blocks which contain all in­
formation on device characteristics, status of scan or measurement 
process in progress on a certain device and possibly data of unfin­
ished events or views. 
•Initializing the OLS output and OLS administration system. 
The general data acquisition routine picks up the data packets from the 
input queue and, depending on their origin, passes them to one of the 
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following routines: 
.Console command processing routine. 
.Data acquisition routine for the Shivas, Bessys and Enetras 
.Data acquisition routine for the Abels. 
(») 
DATA РЯСКЕТ 
INPUT OUEUE 
SET UP BT 
OLS INPUT STSTEH 
CONSOLE COMMAND 
PROCESSING BOUTINE 
I 
GENERAL 
DATA ACQUISITION 
ROUTINE 
*1 INITIALIZATION 
ROUTINE 
DATA ACQUISITION ROUTINE 
FOR SHIVAS/BESSTS ENETRAS 
OATA ACQUISITION 
ROUTINE FOR ABELS 
DATA CONVERSION 
ROUTINE ENETRAS 
STAGE- FILM TRANSPORT 
AND PROJECTION STEERING 
ROUTINE ABELS 
MEASUREMENT 
MONITORING 
ROUTINE 
OLS DATA 
OUTPUT 
SYSTEM 
OLS 
ADMINIS 
TRAT ION 
SYSTEM 
SCANNING 
MONITORING 
ROUTINE 
MESSAGE AND COMMAND FEEDBACK 
TO OLS DEVICES ANO ABEL TERMINALS 
Fig. II.3: Block diagram of the Ъавіа OLS eyetem. 
(.*) The Shivas and the Enetras are older types of equipment still used 
for scanning and measurement of other experiments. 
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The first routine effectuates the FP (finish production) command 
given from the PDP 11/40 console. As a result of this command the OLS 
output and administration system finalize its operations and the OLS 
system is stopped. The second and third routine trace hardware errors, 
interpret the received data and pass control to one of the data conver-
sion routines for further processing or (in the case of simple requests 
or hardware errors) to the message and command feedback system. In the 
case of the Abels there is the additional possibility to branch to the 
Abel steering routine, when the Abel operator asks for stage transpor-
tation, film transportation and/or the projection of a different view. 
There exists a commom data acquisition routine for the Shivas, 
Bessys and Enetras, since their communication hardware is basically the 
same. The Abel communication hardware however is completely different, 
making it necessary to have separate data acquisition routines. 
The data conversion routines reformat the input data to either the 
standard measurement or to the standard scanning format. Consequently 
there exists only one scanning monitoring routine and one measurement 
monitoring routine for all scanning and measurement devices. This makes 
it possible to keep the OLS memory requirements limited. 
The scanning and the measurement monitoring routines make up the 
heart of the OLS system. They provide most of the services to the oper-
ators summarized in section II.2.a. 
The OLS data output system stores the output data onto disk for 
further processing. The measurement data are put onto disk in logical 
records of one view each, the scanning data in logical records of one 
event each. 
The OLS administration system records the history of the scanning 
or measurement process for each OLS device separately. 
At the end of any data processing sequence, control will always be 
passed to the OLS feedback system. This system takes care of all 
transfers of messages and commands from the OLS system to the OLS dev-
ices and to the Abel terminals. 
The OLS feedback system always returns control to the general data 
acquisition routine. This routine will look for more data packets in 
the input queue. If the queue is empty, program execution will be sus-
pended until the OLS input system wakes it up again by sending new data 
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packets. 
More technical details on the OLS system can be found in various 
Γ71 internal reports on this subject1- ' . 
II.3 Review of scanning and measurement process 
At the end of 1977 and the beginning of 1978 one reference roll, 
containing approximately 250 events, was scanned by all laboratories 
involved in order to properly tune their scanning procedure and to per­
form a laboratory-to-laboratory comparison. The first BEBC-films, suit­
able for measurement became available in the beginning of 1978. Nijme­
gen took responsibility for the scanning and measurement of six (quar­
ter) rolls of the first run. They were all processed in the course of 
1978 using 3 Abels. The Nijmegen run 1 pictures contained approximately 
1670 events; they were measured with an average speed of 
0.8 event/hour. The scanning process consisted of two independent scans 
followed by a third comparison scan to sort out all differences between 
the previous two. The speed of this scanning process was somewhat 
higher than for the measurement process, nl. 0.9 event/hour. Approxi­
mately 10% of the run 1 BEBC-pictures were remeasured. Most of these 
remeasurements were caused by starting up problems of the measurement 
process; later-on the amount of remeasurements needed was reduced to 
only a few percent. 
Pictures taken during the second run arrived at Nijmegen in the 
middle of April '79. To improve the throughput of the system it was de­
cided to do all scan comparisons during the measurement phase itself 
and to skip all remeasurements. The Nijmegen batch for run 2 contained 
approximately 6600 events, 5581 of which were selected for measurement. 
During the second half of 1979, 2275 events were measured at a speed of 
0.8 event/hour. During the first half of 1980, 3306 events were meas­
ured. The measuring speed went up to 1 event/hour. In the last two 
months speeds of 1.2 event/hour were reached. More detailed information 
on the organisation of the scanning and measurement process can be 
found in ref. [8]. 
To give an idea of how the measurement effort was distributed, we 
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show in table II.2 the amount of events made available for analysis by 
each of the the participating laboratories at the end of December 1980. 
Table II.2 
Number of 
laboratori 
Laboratory 
Brussels 
CERN 
Genova 
Mons 
Nijmegen 
Serpukhov 
Tel-Aviv 
Total 
events contributed 
es by the 
Run 1 
1178 
3615 
1147 
1362 
1487 
4405 
302 
13526 
by the 
end of 1980 
Run 2 
-
14809 
817 
-
5015 
15205 
-
35846 
Run 1+2 
1178 
18454 
1964 
1362 
6502 
19610 
302 
49372 
CHAPTER III 
DATA REDUCTION - THE PRODUCTION CHAIN 
All BEBC pictures were double scanned for the presence of primary 
interactions and associated Vo and γ decays. All events were measured 
and processed through the standard HYDRA geometry program. The Vo's and 
γ
1
s were then fitted to the hypotheses of K°, Λ, Λ decay and e+e~pair 
production using a modified version of the HYDRA-kinematics program op­
timized for Vo/γ fitting. For each type of analysis a selection program 
was used to condense the large amount of data into a specific mini DST 
(Data Summary Tape) of manageable size. This mini-DST serves as input 
to the data display and fitting programs'-'-' or other user written data 
analysis programs. 
III.1 Scanning procedure 
To minimize losses and to monitor the scanning quality the BEBC 
pictures were all carefully scanned twice. Conflicts between the first 
two scans were resolved either in a third comparison scan (procedure 
for run 1 events) or during the measurement phase (procedure for run 2 
events). To maintain a good and homogeneous quality, events that did 
not meet certain criteria were excluded from subsequent measurement and 
either labeled with a reject code or skipped completely. For example, 
events with a primary vertex outside a so-called scan-volume, defined 
in view 2 (i.e. the reference view), were not taken into account. Each 
event was scanned in all four views for the presence of associated in­
teractions, decays and tracks that could be identified either as elec­
trons, positrons, pions or protons. All primary and secondary vertices 
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gnd one reference point on each identified track were given a label and 
roughly digitized in view 2 together with four reference fiducials. The 
events were recorded by the OLS-system together with an extensive list 
of numbers characterizing each event completely. The most important 
ones are: the roll-number, the frame-number, the slash-number (to dis­
tinguish different events appearing on the same frame) and the topolo­
gy. 
The topology specifies the following event characteristics: 
.The number of charged secondary tracks leaving the (primary) colli­
sion vertex. 
.The number of positive and negative charged secondary particles de­
caying into one charged and one or more neutral particles. 
.The number of neutral particles associated to the primary vertex de­
caying into two charged hadrons (V 0 ,s). 
•The number of Y's associated to the primary vertex, producing an e+e" 
pair. 
.The number of V's associated to the primary vertex, that cannot be 
classified as a V o or a γ (i.e. the ambiguous V's). 
Fig. III. 1 shows the production chain for the complete scanning 
process. The results of scan 1 and scan 2 are checked by the 
scan-compare program, which produces listings of the mismatches. 
The scanning of BEBC pictures involves some extra difficulties 
when compared to the scanning of conventional bubble chamber pictures: 
- The identification of stopping protons is more difficult. This is 
due to the fact that the optical axes of the various BEBC cameras 
are not parallel, making it hard to distinguish stopping tracks from 
tracks that leave the chamber. The very fast foreward tracks are 
clearly not stopping protons, but the slower tracks are often ambi­
guous. One can take advantage of the parasitic images (halos) caused 
by flash tubes of the "other" cameras and the "unwanted" reflections 
of the Scotchlite. The halos surrounding tracks leaving through the 
Scotchlite become narrower and narrower and, at the point where a 
track leaves the chamber, converge onto the image of the track it­
self. If the halo image does not converge onto the track image near 
its end point or if the track image does not show any halo at all 
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Fig. III.l: Production chain for the scanning procese. 
near its end point, then the track is probably a stopping proton. 
There exists a second method, which turns out to be less handy in 
practice, but can be used to check the result obtained using the 
above procedure. This method uses the fact that any three points in 
space (A.B.C) lying on a straight line (for example the point where 
a track leaves the chamber and two fiducials in the same plane of 
the chamber) will also appear as a straight line (ADr,BDr,C ) when 
projected on an arbitrary plane (for example the film planes of the 
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four views). In addition we have that AB : ВС = AB : ВС. The op­
erator therefore simply checks whether it is possible to find two 
fiducials near a track image end point, such that all three points 
lie on a straight line in two different views. If all three points 
lie on a straight line in a particular view, but not in all other 
views, then the track is probably a stopping proton. 
- The association of Vo's and Y's to a primary interaction is not 
straightforward. The wide angle (108°) BEBC lenses have a large ra­
dial distortion. One encounters distortions up to 20% at the edge of 
the image field. The two stretched wires in BEBC, which are perfect 
straight lines, appear on the film as curved lines with their con­
cave edge facing the center of the picture. The trajectories of neu­
tral particles, moving in a straight line in the chamber, will also 
be transformed into curved lines on the film plane. This makes the 
association of a V°/Y with a primary interaction on the scanning 
table using a simple straight line impossible. There are two ways to 
circumvent this problem: 
1) Use of a template containing curved lines to associate 
primary-interactions and V°/Y'S. The larger the distance from the 
center of the picture, the larger the curvature the operator has 
to use in deciding on the association. This procedure is of 
course only an approximate one. At the scanning phase the 
ν°/γ will always be associated with an event in case of doubt. 
Sometimes it can even happen that a specific V o h has to be asso­
ciated with two (or even more) different events; such association 
ambiguities are then sorted out at the level of the kinematics. 
2) A second approach is to scan and measure all V°/Y'S and all pri­
mary interactions in anyone picture without even attempting to 
associate them. All associations then take place at the level of 
the kinematics only. In the Nijmegen laboratory the first method 
was used. 
III.2 Measurement procedure 
The information gathered on the events during the scanning phase 
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is passed to the measurer via a measurement list (procedure run 1) or a 
scan-compare list (procedure run 2). This list contains information 
such as the roll-number, the frame-number and the slash-number of a 
scanned event, its complete topological information and the coordinates 
and type specification of the points recorded during scanning. Once an 
event on the list has been found and verified by the operator, the 19 
reference fiducials on the first view are measured. The OLS-ABEL meas-
urement system automatically presents the correct view and the fiducial 
to be measured to the operator. The quality of the fiducial measure-
ments is checked by the OLS system. Subsequently the primary interac-
tion, the beam track, the unlabelled outgoing tracks and the labelled 
outgoing tracks are measured. Although the unlabelled outgoing tracks 
can be measured in any order, the usual procedure is to measure them 
proceeding from left to right. The "special" tracks receive a label. 
Some labels are carried over from the scanning result, others are as-
signed during the measurement phase. This label information is used by 
the geometry program for the matching of track projections of different 
views, the spatial track reconstruction and the identification of the 
particle which created the track. Again the measuring order of these 
special tracks can be chosen by the operator, but there is the restric-
tion that the order has to be the same in all views for anyone event. 
Finally the Vo's and y's are measured. All tracks are always measured 
starting from the vertex and moving outwards. For tracks leaving the 
chamber the operator always measures the endpoint of the track (i.e. 
the so-called wall-point) to facilitate the trackmatching process for 
the geometry program. The measurement of each view is completed by re-
measuring the first fiducial (end fiducial); this serves as a check on 
the measurement system. After each completed view the OLS system pre-
sents the first fiducial of the next view to be measured to the opera-
tor. Normally four views are measured, but the operator has the possi-
bility to restrict this to three if desired. 
The various facilities and checks provided by the OLS system 
to-speed up and facilitate the measuring process and to guarantee the 
quality of the measurements have already been described extensively in 
section II.2.a. Examples of the various types of special tracks and the 
corresponding labels are shown in fig. III.2. A summary of the labels 
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proton secondary interaction without recoil 
straisht д 
Fig· III·2: Special types of tracks and corresponding labels. 
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used during the measurement process is given in table III. 1. 
Table III. 1 
Labels and corresponding types of tracks and vertices 
Label Type of t r a c k or vertex 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Short beam track 
Electron track from primary interaction 
Curly secondary interaction track 
Curly stopping proton track 
Straight stopping proton track 
Straight wpe-decay track 
Endpoint of labeled track 
Curly kink track 
Straight kink track 
Curly proton secondary interaction track, without recoil 
Straight proton secondary interaction track, without recoil 
Curly proton secondary interaction track, with recoil 
Straight proton secondary interaction track, with recoil 
V°-vertex 
Straight gamma vertex 
Curly gamma vertex 
End fiducial point 
Curly тгуе-decay track 
Curly τ-decay track 
Straight secondary interaction track 
Straight τ-decay track 
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III.3 Geometrical reconstruction 
The geometrical reconstruction program uses the coordinates meas­
ured on the photographic stereo quadruplets to perform a spatial recon­
struction of the event. The variables used to describe an event in 
space are the χ,y,z-positions of the primary interaction and for each 
track, the decay points, the momentum (p), the azimuthal angle (Φ) and 
the dip angle (λ) All variables are defined with respect to the BEBC 
reference frame; they are determined by means of a least-squares-fit. 
The track parametrization used depends on the assumed identity of the 
track i.e. its mass. On each track one fit per possible mass hypothesis 
is performed (mass dependent geometry fit: MDGF). For each MDGF the 
momentum, the azimuthal and the dip angle and the error estimates on 
these quantities are given. These error estimates are obtained by mul­
tiplying the error matrix resulting from the fitting procedure with a 
factor which is proportional to the resolution of the apparatus chain 
(setting error: ε ) . The latter errors however still have to be enlarged 
to take into account the error induced by multiple Coulomb scattering. 
In the BEBC geometry program this has been done adding the empirical 
external error formula for multiple Coulomb scattering, already given 
in section I.2.b. 
The coefficients needed for the transformation from filmplane to 
bubble chamber space can be divided into two classes'-·^  J. 
I.Parameters describing the properties of the BEBC camera lenses. 
2.Geometrical constants of the chamber (i.e. position of pupil, di­
rection of optical axes, fisheye window parameters) 
The first class of parameters, 16 in total, were determined photo-
graphing a (1x1) m precision grid plate, with varying distances 
between the grid and the film plane. These photographes were measured 
and the results for each lens combined to simulate a three dimensional 
grid measurement. The parameters are then determined by fitting the 
grid points reconstructed from these measurements to their correspond­
ing known space position. 
The second class of parameters is obtained by fitting known space 
points in BEBC (70 fixed fiducials on the BEBC walls) to their 
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corresponding point on film for each camera separately. 
Since BEBC events usually have a complicated topological structure 
and the cameras have to cover a large volume, the geometrical recon-
struction is often very difficult. Although the geometry program can 
cope with many cases of pathological events, a large fraction of the 
events (40Í for run 1 and 25Í for run 2) had to be inspected visually 
in order to check whether they were properly reconstructed by the geo-
metry program. A special program, called Geocheck, was developed to 
monitor the quality of the events reconstructed by the geometry program 
and to produce a list of so called "funny" events and their potential 
problems. Part of these "funny" events have only minor problems and can 
immediately be reincluded in the good event sample, but some of them 
have very serious problems that cannot be patched and they have to be 
either remeasured (run 1 procedure) or dropped altogether (run 2 proce-
dure) and corrected for a posteriori. There are also events that can be 
cured by supplying additional information to the geometry program, 
helping the reconstruction process for such events. Most of the infor-
mation supplied consists of track labels facilitating the track match-
ing and eliminating bad track measurements in a particular view. The 
remedy for such events is simply re-running them through the geometry 
program. 
A review of the event reconstruction process is given in 
fig. III.3. Table III.2 shows the percentages in the various quality 
categories of reconstructed events both for run 1 and run 2. 
Table III.2 
Percentages of events in the various quality 
Event category 
Immediately acceptable 
Acceptable after inspection 
Patched by helping the reconstruction 
Cured by remeasûrement 
Dropped completely 
Run 1 
60Í 
24Ï 
4% 
12? 
0% 
categories 
Run 2 
75% 
14% 
10% 
0% 
1% 
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MEASURE­
MENT 
PROCEDURE USED FOR 
RUN 2 
FILM 
SCAN 1 SCAN 2 
, SCAN-
C
 ^ ^COMPARE..^""*"" 
MERGE 
PROCEDURE USED FOR 
RUN 1 & RUN 2 
SCAN 3 
(COMPARISON) 
MEAS. 
LIST 
PROCEDURE USED FOR 
RUN 1 
Fig. III.3: Production chain for measurement and geometrical recon­
struction. 
III.4 Kinematical fitting 
The V o events reconstructed by the HYDRA geometry program are sub­
mitted to a modified version of the HYDRA kinematics program optimized 
for ν°/γ fitting. The V 0 |s and y's are fitted to the hypotheses of 
K°, Λ, Λ decay and e+e~ pair production respectively. For each of the 
above four hypotheses a least squares fit is done to determine the best 
estimates for the inverse of the momentum (1/p), the dip angle (λ) and 
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the azimuthal angle (φ) of the neutral particle and its decay tracks. 
These fits are done using the formalism of Lagrangian multipliers so as 
to take account of the four constraints imposed on the fit variables by 
energy and momentum conservation. If a neutral particle of known mass 
is hypothised, three unknown variables enter the problem and effective­
ly only one constraint is left (1C-fit). If in addition it can be esta­
blished that the resultant momentum of the V o decay products passes 
(within error limits) through the primary vertex one can fix the direc­
tion (λ,φ) of the neutral track. Then there remains only one unknown 
parameter (1/p of the V o) and only one of the four constraint equations 
is needed; the remaining measured quantities can then be submitted to a 
3-constraint fit (3C-fit). These kinematical fits lead to probability 
estimates for the validity of the neutral particle hypothesis under 
consideration and to better (i.e. fitted) values for the measured quan­
tities. The efficiency of the kinematics program to obtain a 3C-fit for 
a K?, whose primary interaction and decay tracks have been reconstruct­
ed by the geometry program is estimated to be (97±2)ί. For Λ and Λ the 
estimated efficiency is (95±3)%. Real K°'s, A's and A's can fail to 
give a 3C-fit due to a variety of problems: 
a) The geometrical reconstruction of the Vo is incomplete and no fit 
could be attempted. 
b) The fit did not converge or was dropped altogether since it had a 
probability smaller than 10 . 
c) There is a systematic error in the direction of the V o. 
Problem (a) leads to an estimated loss in the case of K° of (0.5±0.5)%. 
Losses due to (b) were studied by plotting the invariant mass distribu­
tions for various mass assignments of the decay particles. Calling all 
cases with an effective mass above 250 Hev K°'s, the estimated loss in 
K° case is (1.5±0.5)%. Losses caused by (c) were investigated by look­
ing at the distribution of the impact parameter error divided by the 
impact parameter itself. The estimated loss in the K° case is 
(1.5±0.5)H. Combined the above problems account for a loss of (3±2)% in 
the K° case and (5±3)ï in the Λ and Λ case. 
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III.5 Proton identification 
In BEBC protons up to approximately 0.7 GeV/o are immediately 
identified because they stop in the bubble chamber without giving visi­
ble decay products. It is however (for reasons of physics) important to 
identify protons over a larger momentum range. A two-step procedure, 
using a combination of the goodness of the mass dependent geometry fits 
and the visually determined bubble density, was implemented allowing 
all positive tracks with momentum less than 1.2 GeV/c to be identified 
to be either a meson (π + or K +) or a proton. 
As a first step an automatic decision was attempted using the X 's 
of the mass dependent geometry fits. Whenever possible the track iden­
tity was decided applying the following criteria: 
I f xbest meson fit " xproton fit < " ° · 1 5 i l i s a m e s o n 
a n d i f xbest meson fit " xproton fit > 0.10 " * s a proton 
For all tracks remaining ambiguous i.e. for all tracks with 
- ° ·
1 5
 < Xbest meson fit " Xproton fit < ° · 1 0 a decision was taken on 
the scanning table, comparing -for each view- their bubble density with 
the values predicted for each mass assignment. A reliable identifica­
tion of protons by this visual method appeared to be possible up to a 
momentum of 1.2 GeV/c. The contamination in the proton sample selected 
by means of the automatic decisions only,is estimated to be smaller 
than 1%. This estimate is obtained by applying similar rules to nega­
tive tracks, selecting non-existing "anti-protons". It is much more 
difficult to estimate the contamination in the proton sample, obtained 
by means of the visual identification. Taking the number of positive 
tracks that remain ambiguous between meson and proton after both auto­
matic and ionization decisions as a crude measure, we estimate this 
contamination to be less than 5% below 1 GeV/c, approximately 10% 
between 1.0 and 1.1 GeV/c and approximately 20% between 1.1 and 1.2 
GeV/c. A comparison of the momentum distribution for slow protons, ob­
tained using the method described above, between the Cern run 1 and the 
Nijmegen run 1 data is given in fig. ІІІ.Ч. The Nijmegen data have been 
scaled to the level of the Cern statistics. The two distributions are 
in good agreement. In reality only half of the sample (=21K) was visu-
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ally inspected. The rest was corrected on the basis of an efficiency 
curve determined from this subs?mple. The efficiency of the latter 
all-automatic identification is higher than 90% for proton momenta up 
to 0.9 GeV/c and decreases to 30% at 1.2 GeV/c. 
300 
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Ü 
d 
'S 15° 
с 
0) 
-О 
E 3 100 
50 
-ι 1 1 1 1 1 1 1— 
Identified Protons 
CERN 
Nijmegen 
τ 1 1 1 1 r-
6 .8 1 1.2 .2 .4 
Momentum Proton (GeV/c) 
Fig. III.4: Momentum distribution for slow protons, obtained using 
both automatic and visual decision methods, for the CERN 
run 1 and the Nijmegen run 1 data. 
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III.6 Quality checks on the measurements 
The data sample used for the physics analysis was checked 
extensively for measurement accuracy and for the presence of 
significant biases. One of the main concerns was the consistency among 
the subsamples originating from the different participating 
laboratories. For practical reasons the histograms shown are restricted 
to the total sample and the three laboratories that have contributed 
the largest subsamples. In addition we will concentrate on beam tracks 
since they are well defined and on tracks resulting from the decays of 
the neutral particles, because they form the input to our further 
analyses. 
A good measure for the accuracy of the devices used for track 
measurements are the so-called MDGF (mass dependent geometry 
fit)-residuals. These residuals are determined by projecting the recon­
structed track trajectory back onto the measured film planes and calcu­
lating the deviations of the measured points from these projections. An 
important quantity related to the quality of the track reconstruction 
as a whole, is the RMS (root-mean-square) value of the residuals for a 
specific track. Fig. III.5 shows the RMS distribution for positive 
Vo-tracks, negative V°-tracks and beam tracks for measurements from 
CERN, Serpukhov and Nijmegen respectively. Table III.3a gives the cen­
tral value and the full width at half maximum (FWHM) for all these dis­
tributions. The average values are given in table 111.3b. This table 
also presents the (averaged) values for the remaining laboratories com­
bined (Brussels, Genova and Mons) and for the total sample. Almost all 
the RMS-values are smaller than 10μ indicating that the measurement dev­
ices have a precision matched to the spatial resolution of BEBC (ap­
proximately 500μ in space i.e. =10y on film). The CERN RMS distributions 
are narrower than that of Serpukhov and Nijmegen. Also the central va­
lues (4.5м) are smaller than that of Serpukhov (5 to 6y) and Nijmegen 
(6.5 to 7.5μ). To some extent good RMS values are dependent on the am­
ount of on-line filtering applied before accepting the measurements and 
are therefore somewhat artificial. 
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Fig. III.5: RMS distributions of charged outgoing Vo tracks and beam 
traaks for the CERN, Nijmegen and Serpukhov data. 
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Table I I I . З а 
C e n t r a l values and FWHM f o r the R M S - d i s t r i b u t i o n s 
Labo­
r a t o r y 
CERN 
Ni jra. 
S e r p . 
P o s . Vo 
C e n t r a l 
v a l u e 
[μ] 
4 . 5 
7 
6 
t r a c k s 
FWHM 
[ μ ] 
2 
3 .5 
3 .5 
Neg. Vo 
C e n t r a l 
v a l u e 
[ μ ] 
t . 5 
7 . 5 
6 
t r a c k s 
FWHM 
[μ] 
2 . 5 
4 
3.5 
Beam t r a c k s 
C e n t r a l 
v a l u e 
Cu] 
4 . 5 
6 . 5 
5 
FWHM 
CU] 
3 
3 
2.5 
Table 111.3b 
Average RMS values for 
Labo­
r a t o r y 
CERN 
N i j m . 
Serp. 
Rest 
T o t a l 
Pos. Vo t r a c k s 
Average RMS 
value 
Cu] 
4.82Ю.03 
7.52±0.06 
6.5910.05 
8.4810.13 
6.19Ю.ОЗ 
the d i f f e r e n t sub-samples 
Neg. Vo t r a c k s 
Average RMS 
value 
Cu] 
4.79Ю.03 
7.57Ю.06 
6.57Ю.05 
8.45Ю. 13 
6.18Ю.03 
Beam t r a c k s 
Average RMS 
value 
[ μ ] 
4.67Ю.03 
6.7510.05 
5.60Ю.04 
7.95Ю.13 
5.6010.03 
The <Δρ/ρ> values for the CERN, Nijmegen and Serpukhov samples are 
given in table III.4. They are almost equal, in spite of their RMS va­
lues being clearly different. This indicates that the momentum preci­
sion is dominated by the intrinsic spatial resolution of BEBC. The 
<Δρ/ρ> is of the order of 3Ϊ for the V o tracks and of the order of 12% 
for the beam tracks. These values are sufficient to obtain reasonably 
accurate values for the various quantities that will enter our physics 
analyses. Fig. III.6 shows scatter plots of log (Δρ/ρ) versus log ρ for 
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Table І І І . Ц 
Average Δρ/ρ values f o r the d i f f e r e n t 
Labo­
r a t o r y 
CERN 
N i j m . 
Serp. 
Rest 
T o t a l 
Pos. Vo t r a c k s 
<Δρ/ρ> 
% 
2.7±0.2 
3.0±0.3 
2.9±0.2 
3.4±0.4 
2.9±0.1 
Neg. Vo t r a c k s 
<Δρ/ρ> 
% 
3.2±0.2 
2.9±0.3 
3.2±0.2 
3.5±0.4 
3.2±0. 1 
sub-samples 
Beam t r a c k s 
<Δρ/ρ> 
% 
10.4±0.3 
11.5±0.5 
12.9±0.4 
12.2±0.7 
11.6±0.2 
0.0 
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Fig. III. 6: Scatter plots of log (hp/p) versus log ρ for charged 
outgoing Vo tracks. 
positive and negative Vo tracks respectively. The tracks with the 
lowest (Δρ/ρ) in the sample have momenta between 0.5 and 2.0 GeV/c. For 
lower momenta the minimum (Δρ/ρ) value again increases as a result of 
multiple Coulomb scattering becoming more important; for the higher mo­
menta it is the error contribution from the apparatus chain that causes 
the increase. 
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The average Δρ/ρ behaviour is described by the empirical 
formula 1.3 mentioned in section I.2.bL . We can determine the setting 
error appearing in this formula by using beam tracks. Since for high 
momenta the Coulomb term can be neglected with respect to the apparatus 
term, the average error in the momentum of the beam tracks is given by: 
5/2 
<Δρ/ρ> = 2 4 . e l a b / L
3 (III. 1) 
where £ l a b is the setting error in microns and L the measured length of 
the beam track in cm. According to this formulas a scatter plot of 
log (Δρ/ρ) versus log (L) should result in a cigar-shaped distribution 
with a slope of -5/2. Fig. III.7 shows this indeed being the case. 
1.8 2.2 2.6 
Log L (L In en) 
-1.2 -
-2.0 
π — ι — ι — ι — ι — ι — ι — ι — ι — 
Serpukhov 
1.8 2.2 2.6 
Log L I L I n c n l 
-0.4 
"1 I I I I I I I I 
N i j m e g e n 
\ 
J I I L 
1.0 1.4 1.Θ 2.2 2.6 3.0 
Log L L i n a i 
Fig. III. 7: Scatter plots of log (Δρ/ρ) versus logL for beam tracks of 
the CERN, Nijmegen, Serpukhov and total data sample. 
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From these plots one obtains the individual lab setting errors as 
ECERN = (590±70) 
^Nijm = " 4 0 ± 9 0 ) 
and ε 3 β Γ ρ = (830±100) . 
The distribution of measured beam momenta is shown in fig. III.8 
for run 1 and run 2 separately. Only beam tracks of V o events included 
in our sample have been used. The average beam momentum determined from 
these beam tracks is (69.6±.2) GeV/c for run 1 and (68.9±.2) GeV/c for 
run 2. In order to keep only beam tracks with momenta close to the nom­
inal value and to reduce the contamination resulting from pions, pro­
stra 
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Fig. III. 8: Beam momentum distributions of Vo events 
for run 1 and run 2 separately. 
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tons and muons, cuts have been applied on the momentum, on the azimu-
thal and the dip angle and on the х- y- and z-coordinates of the beam 
tracks at the entrance window of the bubble chamber. These cuts always 
take into account the individual errors on those quantities. Different 
cuts have been applied for run 1 and run 2*- \ The nominal values for 
the momentum, the azimuthal and dip angle are given in table III.5. 
Table III.5 
Nominal values f o r beam t r a c k s 
Run 1 
Run 2 
Nominal 
p-value [GeV/c] 
69.5 
68.7 
Nominal 
Φ-value [ r a d ] 
3.0455 
3.06105 
Nominal 
λ-value [ r a d ] 
0.0004 
-0.00012 
Both the measurement resolution and the systematic errors can be 
investigated further using the mass-squared distributions of the decay­
ing neutral particles. This mass-squared is calculated from the meas­
ured momentum vectors and the masses of the decay products. Fig. III.9 
shows the K°, Λ, and Λ mass-squared distributions both for the 
Nijmegen- and the total sample. Table III.6 gives the central value and 
the standard deviation of these distributions. In the literature1- the 
mass-squared of the K° and the Λ are given as (0.2476S±0.00013) GeV2 
and (1.24456±0.00012)GeV2 respectively. The deviations of the measured 
central values for K°, Λ and Λ are smaller than 17Ϊ, 23% and 8% of the 
respective standard deviations of their distributions. From this one 
can conclude that the systematic effects, if present, are reasonably 
small. 
The linear mass resolution observed for the total sample is ap­
proximately Θ.0 MeV around the K° mass, 3.0 MeV around the Λ mass and 
3.6 MeV around the Amass, which is adequate for the analyses to be 
discussed further on. The higher value for the K° is a consequence of 
its higher Q-value. 
The measuring accuracy can also be investigated by considering the 
so-called pull-function of those measured quantities, which are also 
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Table III.6 
Labo­
r a t o r y 
CERN 
N i j m . 
Serp. 
Rest 
T o t a l 
C e n t r a l values and 
K° Mass squared 
Centra l value 
[GeV2] 
0.2477±0.0002 
0.2464±0.0003 
0.2489±0.0002 
0.2466±0.0005 
0.2479±0.0002 
σ 
[GeV2] 
0.0072 
0.0078 
0.0087 
0.0090 
0.0080 
for the Mass Squared d 
Λ Mass squared 
Central value 
[GeV/c2] 
1.245U0.0003 
1.2445±0.0005 
1.2Ч60Ю.0004 
1.2461±0.0009 
1.2454±0.0002 
σ 
[GeV 2 ] 
0.0063 
0.0044 
0.0070 
0.0067 
0.0066 
i s t r i b u t i o n s 
Λ Mass squared 
C e n t r a l value 
[GeV 2 ] 
1.2449±0.0006 
1.2455±0.0010 
1.245210.0007 
1.2440±0.0019 
1.2450±0.0005 
σ 
[GeV 2 ] 
0.0058 
0.0071 
0.0082 
0.0107 
0.0081 
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f i t t e d i . e . the Vo parameters . For each V°-track the p u l l s for the 1/p, 
λ and φ parameters are defined a s : 
(AAm)¿ - (AA f)¿ 
where A denotes either 1/p, λ or φ 
m denotes the value from measurement 
f denotes the value obtained from the V°-fit 
Δ denotes the error on these values 
The measurement errors are taken from geometry and the fit errors from 
the V°-kinematics fitting program. The mumerator of the pull-formula is 
the difference between the measured and the fitted value, the denomina­
tor is a measure for the expected error on this quantity. The minus 
sign in the denominator results from the correlation between the meas­
ured and the fitted value. The pulls indicate to what extent the 
V°-kinematic fitting program had to adjust the measured track parame­
ters in order to meet the constraints imposed by energy and momentum 
conservation laws. A priori they are expected to have a standard normal 
distribution. The 1/p, λ and Φ pulls were calculated for the positive and 
negative outgoing tracks of the 3C V o vertices separately. The distri­
bution of the pulls for the K°, Λ and Λ case are shown in figs. III.10, 
III.11 and III.12 respectively. Their central values and standard devi­
ations are given in tables III.7, III.θ and III.9 respectively. The 
standard deviations indicate that the setting errors were underestimat­
ed by approximately 10 to 15%. The central values of the dip pulls de­
viate significantly from zero. Since the determination of the dip angle 
depends strongly on the geometrical constants of the bubble chamber and 
its optical system, this might be due to systematic errors in these 
constants. It is however expected that the obtained fitted values are 
not significantly influenced by these systematic errors; this is e.g. 
justified by the small amount of 1C-fits obtained. 
The distribution of the probabilities for the K°, Λ and Λ 3C-fits 
should be flat. These distributions are indeed flat except for a peak 
between probability 0 and 0.005. If one tries only 1C-fits for all 
V o's, than the probability distributions for the K°, Λ and Λ 1C-fits 
become totally flat. This indicates that the peaks in the first bins of 
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Fijj. III.10: Pull distributions for charged outgoing K° tvaake. 
Table III.7 
Central values and for the K° Pull d i s t r i b u t i o n s 
K
° s Track 
Neutral 
Pos i t ive 
Negative 
1/p-Pull 
Central 
value 
0.03±0.02 
-0.03±0.02 
σ 
1.08 
1.08 
λ-Pul l 
Central 
value 
-0.30±0.02 
-0.20±0.02 
-0.22Ю.02 
σ 
1.12 
1.10 
1.10 
Φ-Pull 
Central 
value 
0.06±0.02 
-0.07*0.02 
-0.06±0.02 
σ 
1. 10 
1.08 
1.08 
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Fig. III.11: Pull distributions for aharged outgoing Λ traake. 
Table III.8 
Central values and for the Λ Pull d i s t r i b u t i o n s 
Λ 
Track 
Neutral 
Pos i t ive 
Negative 
1/p-Pull 
Central 
value 
0.10±0.0U 
-0.18±0.04 
σ 
1.05 
1.12 
λ-Pul l 
Central 
value 
-0.19±0.(M 
-0.16±0.04 
-0.1610.04 
σ 
1.10 
1.08 
1.15 
φ-Pull 
Central 
value 
-0.0110.04 
-0.0210.04 
-0.0210.04 
σ 
1.07 
1.04 
1. 12 
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Fig. III.12: Pull distributions for aharged outgoing Λ traake. 
Table III.9 
Central values and for the Λ Pull distributions 
Λ 
Track 
Neutral 
Positive 
Negative 
1/p-Pull 
Central 
value 
0.00±0.06 
0.0110.06 
σ 
1.21 
1.25 
λ-Pull 
Central 
value 
-0.38±0.06 
-0.12±0.06 
-0.34l0.06 
0 
1.09 
1.17 
1.08 
φ-Pull 
Central 
value 
-0.05Ю.06 
-0.0ЧЮ.06 
0.0810.06 
σ 
1.17 
1.20 
1.19 
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each plot are due to underestimation of the errors on the coordinates 
of the primary and/or Vo vertices. This underestimation is most prob­
ably again due to the systematic errors in the geometrical constants of 
the bubble chamber and its optical system. 
The data of the various laboratories were checked extensively for 
internal consistency (before being merged) through a comparison of the 
total and/or differential cross sections for inclusive K°, Λ, Λ and 
K Q Q 2 production'- К All values turned out to be compatible except for 
the total cross section of Kggp production. Additional quality checks 
were then imposed on the sample used for the Kgg, studies, which re­
sulted in the further elimination of approximately 15% of the events. 
None of the Nijmegen events had to be rejected as a result of these ad­
ditional quality checks. 
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CHAPTER IV 
NEUTRAL SELECTION - RESOLVING OF THE AMBIGUITIES 
In this chapter we describe how Vo's produced in high energy 
(~100GeV) interactions can be uniquely identified and to what extent. 
The possibility of identifying such V°'s in this high energy region was 
a point of concern in the planning days of the present SPS-hadron bub­
ble chamber experiments. We will therefore discuss this subject in de­
tail. 
IV.1 Selection of neutral particles 
The K°, Λ and Λ particles were identified through their decay 
modes K° —> π + π~, Λ —> ρ it" and Λ —> ρ π + ; the γ's via e+e~ pair produc­
tion. For each V o and γ a 3C-fit to these decay modes and e +e _ pair pro­
duction was tried. All 3C-fit hypotheses having a probability higher 
than 10 were accepted. As already mentioned in section III.4, the ef­
ficiency of the kinematics program to obtain such a 3C-fit for a K° is 
estimated to be (97±2)ί. For Λ and Λ the estimated efficiency is 
(95±3)ϊ. To be able to correct for decays which are lost because they 
are either too close to the production vertex or too far away from this 
vertex to be seen, only Vo's with a projected decay path longer than a 
certain minimum 1
т
^
п
 and within a cylindrical decay volume (radius 
Rgrnp) were accepted. These Vo's were then given an individual momentum 
dependent weight factor correcting for the eliminated ones. To keep as 
many Vo's as possible, values of 1
т
<
п
 were adopted depending on the 
momentum region considered. The various momentum regions and their l
m i n 
values are listed in table IV.1. The l
m i n values were obtained by stu­
dying the sum of the weight factors in function of various choices for 
L j . . The selected values of 1„
Ί
·„ are such that the sum of the corres-min min 
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Table IV. 1 
Values for l
m i n in the 
different momentum regions 
Momentum 
region 
[GeV/c] 
ρ < 0.5 
0.5 <• ρ < 1.0 
1.0 <, ρ < 2.0 
2.0 < ρ < 5.0 
5.0 <. ρ 
min 
[cm] 
1.2 
2.4 
4.8 
6.2 
8.0 
ponding weight factors remains constant for higher values and decreases 
for lower ones. Η
Β
£
Β
ς was chosen equal to 150 cm, except for the Serpu­
khov data of run 2 where 145 cm was used. The corrections applied to 
compensate for the various losses of V°-events will be described in de­
tail in the next chapter. 
IV.2 Kinematics of the K°, Λ and Λ decays 
The masses of the neutral particles can be expressed in terms of 
the charged pion mass m7T , the proton mass m and the momenta of the po­
sitive and negative decay tracks P
+
,P_. E.g. for the K° this relation 
reads: 
ml =
 m
2
 + ra
2
 +
 2(
m
2 + p2) 1 / 2(m| + ?2_)U2 - 2?
+
.?_ (IV.1) 
Analogous relations hold for Λ and Λ. If the decay particles cannot be 
identified, the V o will be kinematically ambiguous if two equations of 
the above type are simultaneously satisfied. Solving for this condition 
one arrives at a relation between the V o momentum and the cosine of the 
decay angle (i.e. the angle, denoted as ( °,р/тг+), between the decay 
products and the V o line of flight in the V o rest frame) at which ambi­
guities will occur. The detailed calculations can be found in 
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réf. [13]. The relation obtained between the K° momentum and 
cose(K°,Ti+) both for the Κ°/Λ and the К°/Л ambiguity is shown by the 
curves in fig. IV.1. As for momenta below 1.2 GeV/c, the decay parti­
cles of a V o can be identified by the difference in the χ -values of 
the mass dependent geometry fits and/or the bubble density, all V 0 ,s 
having a momentum below 1.2 GeV/c can be identified as being either a 
К^, а Λ or а Λ. The parts of the curves corresponding to this momentum 
region have been dashed; the remaining parts are drawn as solid lines. 
The same type of curves for Λ/Κ°, Λ/Λ, Λ/Κ° and Λ/Λ ambiguities are 
shown in fig. IV.2. The ambiguity regions in the various decay angle 
distributions are found by projecting the solid lines from these two 
figures onto the corresponding decay angle axes. The regions obtained 
are: 
K° ambiguous with Λ if 0.8Θ < COS6(K°,ÏÏ +) < 0.91 
K° ambiguous with Λ if -0.91 < соз (К°,тг+) < -0.88 
Λ ambiguous with K° if 0.20 < cos θ(Λ,ρ) < 0.50 
Λ ambiguous with K° if -0.50 < cos Θ(Λ, π +) < -0.20 
Note that Λ is never ambiguous with Λ. 
Detailed analysis of all angular distributions combined with usage 
of the probabilities for the various 3C-fit V o hypotheses, enabled us 
to develop a simple procedure to arrive at essentially only one hypo­
thesis per V o. 
IV.3 Resolving of the ambiguities 
After the kinematical fitting procedure only 22% of the Vo's gave 
fits that were still ambiguous. In table IV.2 we summarize the ambigui­
ty percentages both for all V o 3C-fits and the selected V o 3C-fits. 
Investigating the decay angle distributions reveals that the ambi­
guities are indeed located in the regions where they are expected on 
the basis of calculations. The ambiguity regions turn out to be зоте-
what broader than the ones calculated from error free kinematics, due 
to the errors on the measured Vo momenta. The decay angle distributions 
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Table IV.2 
Ambiguity 
Ambiguity 
type 
K° 
κ°/γ 
A 
Л/ У 
K°/A 
K°/A/Y 
A 
Λ/Ύ 
К°/Л 
κ°/Λ/γ 
к°/л/Л 
κ°/Λ/Λ/γ 
Total 
percentages aft< 
No. of Vo' 
giving a 
3C-fit 
5953 
277 
1109 
296 
574 
103 
456 
307 
516 
119 
3 
7 
9720 
s % 
61 
3 
12 
3 
6 
1 
5 
3 
5 
1 
-
-
100 
эг kinematics 
No. of Vo's $ 
selected 
5192 
198 
894 
250 
485 
43 
428 
258 
458 
59 
2 
5 
8272 
63 
2 
11 
3 
6 
1 
5 
3 
5 
1 
-
-
100 
for К^, A and Λ are predicted to be flat. Therefore the distributions 
for the unique K°, A and Λ are expected to show a depletion in those 
same ambiguity regions, a result which is indeed observed. 
Inspecting the decay angle distributions of the Κ°/γ, Λ/γ and 
Λ/Ύ ambiguities, showed that they are mainly concentrated in the very 
forward/backward regions |cos9|>0.98. Since the cos θ-distributions for 
the unique K°, A, and Λ do not show a dip in these regions and since 
one expects only very few real Κ°'3, A's and Á's in such a small 
cose-interval anyway, all V°/y ambiguities with !cosO|>0.98 were consi-
dered to be real Y's. 
Having eliminated the γ ambiguities by means of this simple cut, 
one is left with ambiguities between the K°, A and Λ particles. As ex­
pected no Λ/Λ ambiguities are present and, apart from four Κ°/Λ/Λ ambi­
guous events, only K°/A and К°/Л ambiguities are present. Since these 
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two types of ambiguities populate different cos9-regions they can be 
resolved independently. The Κ°/Λ ambiguities are located in the region 
0.8<cos Θ(Κ°, π+)<1.0. Attributing part of these ambiguities to the 
unique K° sample will make the corresponding dip in the distribution 
for the unique K°'s smaller. Since the decay angle for all K° produced 
is predicted to be flat, the amount of Κ°/Λ ambiguities that have to be 
attributed to the unique K° sample is equal to the number needed to 
make the dip in the distribution for the unique K°'s disappear. The 
same procedure can be applied for the К°/Л ambiguities which are 
located in the region -1.0<cos θ(Κ°,π+)<-0.8. The decision as to which 
Κ°/Λ(Λ) ambiguities have to be called K°'s and which Λ(Λ) , is made by 
considering the scatter plots of the probability for the K°-hypothesis 
versus the probability for the Л(Л)-hypothesis (see fig. IV.3). A ratio 
of probabilities is determined for each of the two ambiguous samples, 
in such a way, that used as a cut, it separates each sample in а Л(Л) 
part and a K° part, the latter of the amount needed to fill the 
positive (negative)-cosθ dip in the unique К? distribution. This ratio 
is indicated for each plot in fig. IV.3 by a solid line which divides 
0.0 0.2 0.Ц 0.6 o.e 1.0 
Probability K° 
0.0 0.2 0.4 0.6 Ο.β 1.0 
Probability K° 
Fig. IV.3: Scatter· plots of probability KPS versus probability Л Ш 
for Vo's ambiguous between K^ and h (A). 
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Fig. IV.4: Ambiguity decision procedure. 
it in two parts. The part below the line contains the ambiguous events 
that were decided to be K°'s, the part above the line contains the 
ambiguous events that were decided to be A's(Ä's). Fig. IV.4 gives a 
flow diagram of the whole ambiguity decision procedure. The final decay 
angle distributions obtained for K°, Λ and Λ are shown in 
fig. IV.5. After the ambiguity treatment these distributions are indeed 
flat. The contributions from the ambiguous samples have been marked 
black. Table IV.3 summarizes how the various ambiguous events were 
distributed over the K°, Λ and Λ hypotheses. 
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Fig. IV.5: Decay angle distvibutions fov KP, Λ and "К, obtained aftev 
the decision pvoceduve. The contvibutions f vom the 
ambiguous samples have been mavked black. The cuts 
applied to veduae the aontamination ave indiaated by 
vevtiaal lines. 
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Table IV.3 
Ambiguity per 
Ambiguity 
type 
K° 
κ°/γ 
Λ 
Λ/Y 
к°/л 
Κ°/Λ/γ 
л 
Λ/Y 
к°/л 
κ°/Λ/γ 
к°/л/л 
Κ°/Λ/Λ/Ύ 
Total 
K
s * 
sample 
5192 
43 
293 
12 
278 
m 
2 
1 
5835 
89 
1 
5 
-
5 
-
-
-
100 
centages in 
Λ 
sample 
894 
21 
192 
8 
-
1 
1116 
* 
80 
2 
17 
1 
-
-
100 
the K° , Λ and Λ sam 
Λ % 
sample 
428 
27 
180 
21 
-
-
656 
65 
3 
29 
3 
-
-
100 
sample 
155 
229 
23 
231 
24 
-
3 
665 
pie 
% 
23 
35 
3 
35 
4 
-
-
100 
Total 
sample 
5192 
198 
894 
250 
485 
43 
428 
258 
458 
59 
2 
5 
8272 
% 
63 
2 
11 
3 
6 
1 
5 
3 
5 
1 
-
-
100 
An upper limit for the contaminations in the K°, Л and Л samples 
obtained after this procedure was determined as follows: the K°/A ambi­
guous events were attributed for 60% to K°'s and 40% to Л'з. Therefore 
at most 40% of the K°/A —» K° sub-sample will be A's and at most 60% of 
the K°/A —» Л subsample will be K°'s. This type of calculation thus 
yields a maximum contamination of 2% in the K° sample by A's. For the A 
sample it leads to a maximum contamination of 11% by Kg's. Taking into 
account that the K°/A ambiguous events were attributed for 59% to K° 
and 41% to A's, the same type of calculation leads to a maximum contam­
ination in the Kg sample of 2% by A's. For the A sample it yields a 
maximum contamination of 18% by K°'s. These upper limits are listed in 
table IV.5 column 1. 
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These contaminations can be reduced further by removing all events 
in the ambiguity regions of the decay angle distributions and applying 
correction factors to the remaining events. These cuts are indicated in 
fig. IV.5 by vertical lines or numerically by: 
For the K° sample: I cos Θ(Κ°, π +) I > 0.8 
For the Λ sample: 0.05< cos9(A,p) < 0.45 
For the Λ sample: -0.45< cosG(A,ir+) < 0.15 and 
0.90 < cos9(A, π +) < 1.0 
The second Λ cut was applied to remove possible remaining contamination 
by Y'S, because in this case the ambiguities show a broader 
cos distribution. The ambiguity percentages for the sample obtained 
after these cuts, which will be used for physics analyses, is given in 
table IV.4. After the I cos6(K°, π +) |>0.8 cut 62% of the К°/Л ambiguous 
Table IV.Ц 
Ambiguity 
Ambiguity 
type 
K°s 
K°/Y 
л 
Λ/Ύ 
К°/Л 
Κ°/Λ/Υ 
Λ 
Λ/Y 
к°/л 
κ°/Λ/γ 
к°/л/Л 
Κ°/Λ/Λ/Υ 
T o t a l 
jercentages i n sample used f o r 
K s 
sample 
4589 
38 
18 
3 
33 
6 
-
-
4687 
% 
97.9 
0.8 
0.4 
0.1 
0.7 
0.1 
-
-
100.0 
л 
sample 
807 
21 
78 
8 
-
1 
915 
* 
88.2 
2.3 
8.5 
0.9 
-
0.1 
100.0 
physics 
Л 
sample 
335 
\2 
55 
13 
-
-
415 
analyses 
% 
80.7 
2.9 
13.3 
3.1 
-
-
100.0 
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events and 67% of the Κ°/Λ ambiguous events were attributed to K° sam-
s ί> 
pie. This leads to a maximum contamination in this sample of 0.2% by 
Л's and 0.3% by A's. The К°/Л ambiguous events remaining after the 
0.05<cosθ(Λ,ρ)<0.45 cut were attributed for 43% to Λ sample. This gives 
an upper limit of 5% for the contamination by K°'s in this sample. The 
Кд/Л ambiguous events remaining after the -0.45<cos9 (Λ, π+)<0.15 and 
0.9<cos θ(Λ,π+)<1.0 cuts were attributed for 46% to the Λ sample. This 
leads to an upper limit of 9% for the contamination by K°'s in this 
sample. These upper limits are listed in table IV.5 column 2. Compari­
son with the values listed in column 1 shows that the соз -cuts have 
reduced the contamination in the Λ and Λ samples by a factor 2, while 
the contamination in the K^ sample has become negligible. 
Table IV.5 
Upper limits for contamination in K°, Λ and Λ samples 
obtained both with and without applying cose cuts 
Type of 
contamination 
Λ
 ->
 K
s 
Л
 -»
 K S 
K
s -»
 л 
K° -> Λ 
Upper limit for 
contamination 
- no cuts -
[%] 
2 
2 
11 
18 
Upper limit for 
contamination 
- cuts applied -
[%] 
0.2 
0.3 
5 
9 
IV.4 Contamination in the K°, Λ and Λ samples 
Estimates for the final contaminations in the К?, Λ and Λ samples 
used for the subsequent physics analyses were obtained by taking into 
account also the probabilities of the К^, Λ and Λ hypotheses for the 
ambiguous events in these samples. Scatter plots of "probability K^" 
versus "probability Λ" and "probability K^" versus "probability Л" for 
these events are shown in fig. IV.6. Every Л(Л) hypothesis having a 
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1.0. 
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Fig. IV.6: Scatter plots of probability K° versus probability Л (h) 
for Vo ' s remaining ambiguous between Κ9
ε
 and A(h), after 
the outs applied to reduce the ambiguity level. 
3C-fit probability 10 times lower than for the K^ hypothesis was elimi­
nated and vice versa. This procedure does not reduce the К^, Λ and Λ 
samples, but can change the ambiguity type attributed to an ambiguous 
К^, Λ or Λ in these samples. The ambiguity percentages thus obtained 
are given in table IV.6. Since 58% of the remaining K°/A ambiguities 
and 67% of the remaining К°/Л ambiguities were attributed to the K| 
sample the contamination of this sample by A's is estimated to be of 
the order of 0.1% and by Ä's also of the order of 0.11, which is negli-
gible. The remaining Kg/A ambiguities were attributed for 38% to the A 
sample. This leads to an estimate of the contamination in the A sample 
by K^'s of 2.3%. Since 46% of the remaining К°/Л ambiguities were at­
tributed to A, the contamination of the Λ sample by K°'s was estimated 
to be of the order of 4.4%. These percentages are listed in table IV. 7. 
The contaminations in the A and the Λ sample by K°'
s a r e
 small compared 
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Table IV.6 
Ambiguity percentages i n sample used f o r physics analyses 
us ing f a c t o r 10 r u l e t o e l i m i n a t e ambiguous hypotheses 
Ambiguity 
type 
K° 
K°/Y 
Λ 
Λ/Ύ 
Κ°/Λ 
κ°/Λ/γ 
л 
Λ/γ 
К°/Л 
κ°/Λ/γ 
к°/л/л 
κ°/Λ/Λ/γ 
T o t a l 
tí % 
sample 
4626 
42 
6 
1 
8 
4 
-
-
4687 
98.7 
0.9 
0.1 
0.02 
0.2 
0.1 
-
-
100.0 
Λ χ 
sample 
854 
26 
31 
3 
-
1 
915 
93.4 
2.8 
3.4 
0.3 
-
0.1 
100.0 
Λ 1 
sample 
366 
15 
24 
10 
-
-
415 
88.2 
3.6 
5.8 
2.4 
-
-
100.0 
Table IV.7 
Contamination i n K°, Л and Л samples 
obta ined a p p l y i n g cos θ cuts 
Type of 
contaminat ion 
л -> κ° 
л -» κ° 
K° -> л 
к° -> Л 
Contamination 
[%] 
0.1 
0.1 
2.3 
4.4 
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to the s t a t i s t i c a l and systematic e r r o r s in these samples. 
In addi t ion to the above method for resolving ambiguit ies we have 
(as a check) also applied to our sample the technique of r e t a i n i n g un-
ambiguous f i t s only and compensating for the i n c o r r e c t l y el iminated 
f i t s through the in t roduct ion of V°-momentum dependent weights'- . All 
cross sec t ions and d i s t r i b u t i o n s obtained using the second method were 
found to be compatible with those obtained using the f i r s t one. For a l l 
further analyses we r e s t r i c t e d ourselves to the the f i r s t method. 
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CHAPTER V 
CROSS SECTIONS 
In this chapter we determine the topological cross sections for 
the primary interactions and describe the procedure used to calculate 
the inclusive neutral strange particle production cross sections. We 
give the formulae and input quantities needed for the cross section 
calculations. The determination of (and correction for) losses of pri-
mary interactions and/or neutral strange particles form the main sub-
ject of this chapter. The topological cross sections are compared to 
those obtained at other energies. The actual cross section values for 
inclusive neutral strange particle production are presented in the 
later chapters dealing with this subject. 
V.1 Topological cross sections for primary interactions 
The topological cross sections were determined from a first sample 
of only =28.000 pictures. We will not try to determine a c^ot competi-
tive in precision with those obtained by counter experiments. Our main 
aim is to determine the relative cross sections for the various charged 
multiplicities. As a check on our systematic errors we will neverthe-
less determine a value for this total cross section. 
V.1.a Calculation of microbarn-equivalent 
The cross section is defined as the ratio between the number of 
interactions per second, N^/T and the product of the number of parti-
cles in the target and the incoming flux. The cross section o< for a 
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certain final state i can thus be written (in the laboratory system) 
as : 
N-/T 
- -
 x
 (V.I) 
(PtV).(pb.vb) 
where N* = the (corrected) number of events in class i, 
Τ = the time interval considered, 
V = the interaction volume, 
P t = the proton density in liquid hydrogen, 
Pb = the volume density of the incoming K
+
 particles, 
v b = the velocity of the incoming K
+
 particles. 
This formula can be rewritten as: 
1 
σ, = N, . = Ν, .σ. (V.2) 
1
 ' P t
L 
where L is the total incident K + track length. The quantity o Q gives 
the cross section "weight" per corrected event. Expressed in microbarns 
(Ιμο = 10~3°cm2), it is called the microbarn-equivalent of the sample 
considered. To obtain this microbarn-equivalent we must calculate the 
proton density p t. It can be written as: 
.
 N
av-Ph ,
v
 „ 
pt = I V . 3 ) 
ь
 1.008 
where N
a v
= Avogadro's number 
Ph= hydrogen dens i ty i . e . (0.0620±0.0008) gr/cm^ for our 
experiment 
The t o t a l inc ident K+ t rack length L i s given by: 
L = N t r l c a c u ( .Ч) 
where Ntr= total number of beamtracks entering the primary interaction 
volume considered (= 113700). 
1= average track length for non-interacting 
tracks (= 200±2 cm), 
с = a correction for beam attenuation (= 0.875±0.003). 
с = a correction for the μ-contamination 
in the beam (= 0.990±0.005). 
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Using the above formulas and values we obtain the following 
microbarn-equivalent for our sample: 
σ0 = (1.37±0.05) vb/event. 
V.1.b Corrections for losses and wrong topology assignments 
The raw number of events obtained after scanning suffers from sev­
eral systematic errors: 
a)Scanning losses, i.e. events that were not seen during the scanning. 
b)Wrong topology assignments, i.e. events that were assigned a too high 
topology because of Dalitz-pair tracks and/or very close V°-tracks 
being included in the prong count. 
c)"Slow proton" losses, i.e. events with a proton so slow that it did 
not produce a track in the bubble chamber long enough to be visible. 
This results either in an odd pronged event or (in case of an elastic 
event) in a loss of the primary interaction alltogether. 
To obtain the corrected number of events N^ for each final state i 
the following corrections were applied to the scanning results: 
a)Correction for scanning losses. They were determined by comparing two 
independent scans. All differences were resolved by a third indepen­
dent scan. Assuming that the losses are statistically independent one 
can determine the so-called scanning efficiency. For 2-prong interac­
tions =85%, for all other topologies =100J was found. 
b)Corrections for wrong topology assignments. All detected electrons 
and apparent Dalitz-pair tracks were included in the prong count. The 
empirical rule <n
w
°> = <n_> + 0.4 '•'(where <n_> is the average 
number of produced negative particles) was used to calculate the ex­
pected total number of Dalitz-pairs. The expected number of 
Dalitz-pairs per topology was then obtained by distributing this 
total number over the different topologies proportionally to the 
number of γ's observed for that topology. For each topology the 
number of events was decreased by the number of Dalitz-pairs deter­
mined for that topology and increased by the number of Dalitz-pairs 
determined for the topology having a charged multiplicity of two 
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higher. A comparison was made between the expected and the observed 
number of Dalitz-pairs for a sub-sample. The agreement was satisfac­
tory, indicating that the empirical rule for π° production is well 
satisfied . 
Corrections for V 's occurring close to the primary vertex were 
evaluated for each topology by extrapolating to zero the distribu­
tions of the distance between the primary and the neutral vertices. 
Subsequently for each topology the number of events was reduced by 
the number of events having a too high topology due to missed close 
Vo's and increased by the number of events subtracted from the sample 
having a charged multiplicity of two higher. 
c)Odd pronged events were carefully examined in four views with the 
maximum available magnification. Three-prong events were corrected 
for τ-decays. The few remaining unresolvable cases were distributed 
among the neighbouring even topologies, proportionally to the number 
of events found in those categories. To correct for the lossed 
2-prongs, a sub-sample of 2055 2-prongs was extracted, having a slow 
track compatible with a proton and a fast track compatible with a 
kaon. From this sample 909 elastic events were selected using a com-
bined cut on the missing mass squared Mr: to the proton and on the 
difference between the measured angle of the fast particle and its 
value calculated from the measured momentum of the identified proton 
assuming an elastic collision. Details on this procedure can be found 
in ref. [16]. The cuts |ΔΘ| < 6 mrad and M 2 < 1.0 (GeV/c 2) 2 were 
used. The loss of elastic events was calculated as follows: the dif­
ferential cross section da/dt was fitted in the range 
0.20<t<0.56 (GeV)2 by a simple exponential law, giving a slope of 
(7.91*0.20) GeV - 2. The data were equally well described by the qua-
dratic exponential form do/dt - exp(-8.1t + 2.2t ), which is in quite 
good agreement with that obtained by Ayres et al. . The extrapola­
tion to t=0 using the constraint given by the optical theorem gives 
an overall loss of (40.1+2.5)% of elastic events. 
Taking into account all these corrections and using the 
microbarn-equivalent determined in section V.l.a, one obtains a value 
of at = (19.5UO.88) mb 
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for the total K +p-cross section at 70 GeV/c. This value is somewhat 
larger than the value o t = (18.36±0.09) mb obtained in a counter exper-
Γ171 iment , but compatible with this value within 1.3σ . The difference 
could be due to the difficulty of obtaining a clear and unambiguous de­
finition of a beam track in our experiment. In any case to reduce the 
errors on the total- and topological cross sections all our topological 
cross sections were normalized to the much more accurate "counter" 
total cross section value of ( 18. 36±0. 09) mb. 
V.1.C Results and comparisons with data at other energies 
The values obtained for the topological cross sections are given 
in table V.I and displayed in fig. V.1 together with the results 
Γ1 ft 1 
obtained at other energies 1 O J . The curves are drawn to guide the eye 
only. In general, the 70 GeV/c data interpolate smoothly between the 
values obtained at lower momenta and those at 100 and 147 GeV/c. 
Table V.1 
Topological cross sections for K +p i 
Topology 
2-prongs total 
2-prongs elastic 
2-prongs inelastic 
4-prongs 
6-prongs 
8-prongs 
10-prongs 
12-prongs 
14-prongs 
16-prongs 
18-prongs 
20-prongs 
Total 
Uncorrected 
number 
of events 
2105 
3342 
3226 
2353 
1324 
501 
155 
44 
12 
1 
13063 
nteractions at 70 GeV/c 
Cross sections 
[mb] 
4.17 ± 0. 16 
2.36 ± 0.16 
1.81 ±0.07 
4.44 ±0.09 
4.24 ± 0.09 
3.01 ± 0.07 
1.67 ±0.05 
0.58 ± 0.03 
0.18 ± 0.02 
0.05 ± 0.01 
0.015 ± 0.005 
0.0013 ± 0.0013 
18.36 ± 0.09 
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Fig·. F. 1: The topological cross sections in K+p interactions, as a 
function of /s~. The hand-drawn curves are intended to 
guide the eye only. 
Various charged m u l t i p l i c i t y parameters both for a l l t r a c k s and 
the negative t racks only are l i s t e d in t a b l e V.2. These parameters are 
moments or combination of moments. They are defined a s : 
D = ( < n 2 > - < n c > 2 ) 1 / 2 
f
 2 = < n c ( n c - 1 » - < n c > 2 = D 2 - < n c > 
f3 = < n c ( n c - 1 ) ( n c - 2 ) > - 3 < n c ( n c - 1 ) X n c > + 2 < n c > 3 
Vi -- < ( n
c
- < n
c
»
i > 
Table V.2 
Moments of the che rged multiplicity 
for K+p interactions at 70 
Moment 
< n
c> 
<"c> 
<n
c
(n
c
-1)> 
D 
<n
c
>/D 
f2 
f3 
μ 3 
Ύτ = V 3/D
3 
Y 2 = ц/Ό^ 
C 2 = <n2>/<nc>
2 
C 3 = <n3>/<nc>3 
CU = < n c > / < n c > 4 
All charged 
tracks 
6. 14 ± 0.03 
45.48 ± 0.44 
39.34 ± 0.41 
2.80 ±0.02 
2.20 ±0.02 
1.68 ± 0.12 
2.90 ± 0.59 
14.06 ± 0.81 
0.64 ± 0.03 
3.30 ± 0.09 
1.207 ± 0.003 
1.68 ± 0.01 
2.63 ± 0.04 
distri 
GeV/c 
butions 
Neg. charged 
tracks 
2.07 
6.23 
4.16 
1.40 
1.48 
-0.12 
0.03 
1.76 
0.64 
3.30 
1.456 
2.57 
5.22 
±0.02 
±0.08 
± 0.07 
± 0.01 
± 0.01 
± 0.03 
±0.07 
± 0.10 
±0.03 
±0.09 
± 0.008 
± 0.04 
± o. 13 
Again these parameters interpolate very well between the results 
obtained at other momenta. This is shown explicitly in figs. V.2 and 
V.3. An attempt to fit the average charged multiplicity <n
c
> as a 
function of s, assuming either a linear Ins dependence or a simple 
power law, yields very poor χ /ND values (¿5). The same conclusion was 
reached at 147 GeV/c'-1"-'. A good description was obtained by fitting 
the expressions: 
<nc> = a + b.lns + c.s"1/2 + d.s"1/2.lns (V.5) 
<nc> = a + b.lns + c.(lns)2 (V.6) 
The former parametrization is prefered on theoretical grounds 
(Mueller-Regge approach; see ref. [19]) while the latter was found to 
give a good description of pp and K~p data at high energies'- J. The 
resulting parameters are given in table V.3; they should be treated 
with some caution because they are highly correlated. The fitted curves 
are superimposed on the data in fig. V.2. 
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Fig. V.2: The average charged multiplicity as a function of в for 
all available K+p data. The two curves refer to the fits 
described in the text [dashed line: fit V.5, solid line: 
fit V.6]. 
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Fig. V.S: The dispersion as a function of the average charged 
multiplicity for K*~p interactions. 
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Table .З 
F i t s o f the average charged m u l t i p l i c i t y 
as a f u n c t i o n o f s 
Parameters 
a 
b 
с 
d 
X2/ND 
F i t - V.5 
-3.80 ± 2. 14 
1.87 ± 0.29 
5.77 ± 1.25 
0.74 ± 1.54 
0.6 
F i t - V.6 
1.32 ± 0. 10 
0.40 + 0.07 
0.12 ± 0.01 
0.7 
The dependence of the dispersion D on <n > is shown in fig. V.3. 
The trend of the data agrees with the so-called Wroblewski rule 
i.e. with a linear behaviour: 
[21] 
D = a.<n
c
> + b (V.7) 
The value obtained for b is -0.45±0.02. A value of b different from 
zero implies a deviation of exact KN0 scaling'-22-'. The latter would 
also require that Ck=<n£>/<n >
k
, and hence \/μ1{/<η(;>, is constant with 
energy. The value obtained for b is clearly different from zero, which 
means a there is no exact KNO scaling. However, several modified KNO 
functions exist to examine the topological data for KNO-type of 
scaling, which provide a very good description of the data. Fig. V.4 
shows a plot of the variable D.P(n
c
)=D.a
n
/ainel versus (nc-<nc>)/D, a 
[231 
method based on a prediction proposed by Czyzewski and Rybicki1 ->J. A 
remarkable good fit is then obtained for data at all energies in terms 
of a generalized one-parameter Poisson distribution. 
Finally we consider the Mueller correlation coefficient 
f2=D
2
-<n
c
>. Fig. V.5 shows f ψ, while ΐγ is shown in fig. V.6. Due 
to the linear dependence of D on <n„>, one expects a non-constant 
behaviour for f °,c, indicating a progressive broadening of the charged 
multiplicity distribution. There is a significant deviation from 
Poisson-like multiplicity behaviour (i.e. f2=0) both below s-40 GeV 
and above s-100 GeV . The curve superimposed on the data of fig. V.5 is 
the prediction from the fit in fig. V.3. The behaviour of f£~ in 
fig. V.6 is similar. Despite its low values, f^- is significantly 
2 
different from zero outside the region 150-200 GeV . 
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V.2 Inclusive neutral strange particle production cross sections 
This section describes the consecutive steps in the determination 
of the inclusive neutral strange particle production cross sections. 
Section V.2.a describes how the microbarn-equivalents for the sample 
used to study inclusive strange particle production are derived from 
the previously determined topological cross sections. Section V.2.b 
describes the corrections made to the Vo's in order to compensate for 
the various losses and cuts. The inclusive neutral strange particle 
production cross sections for the different topologies can then be ob­
tained multiplying the (corrected) number of events identified as 
К^, Λ and Λ by the microbarn-equivalents determined for the sample 
under consideration. 
V.2.a Determination of microbarn-equivalents 
The microbarn-equivalents were determined directly from the topo­
logical cross section values already given in table V.1. Although the 
number of primary interactions used to determine these topological 
cross sections is approximately four times smaller in statistics than 
that used for the analysis of neutral strange particle production, 
these values are still accurate enough to determine the 
microbarn-equivalents, since approximately only 1 out of 10 events con­
tains a K°, only 1 out of 50 events а Λ and only 1 out of 120 events a 
Λ useful for further analysis. The microbarn-equivalents for the dif­
ferent topologies were obtained using the formula: 
о-ЛР) 
ub, = i-, ( . ) 
ι
 N?ood ( p ) 
where σ.(Ρ) is the cross section for topology i (from table V.1). For 
2-prongs only the inelastic cross section was used. 
N?° (P) is the total number of "good" primary interactions of topolo­
gy i obtained after all cuts. Again for the 2-prongs only 
inelastic events were used. 
The procedure described above has to the advantage that one avoids the 
corrections dealing with the primary interactions described in 
section V.1.b, since the normalization takes them into account automat-
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ically. Moreover it also allows restricting the analysis to primary in­
teractions which were completely reconstructed by the geometry program. 
The microbarn-equivalents thus obtained, together with the number of 
"good" events per topology are listed in table V.4a. The corresponding 
values used for the study of inclusive Kon? production are listed in 
table V.4b. 
Table V.4a 
Number o f events and m i c r o b a r n - e q u i v a l e n t s 
per t o p o l o g y f o r the sample used f o r the analys is 
o f i n c l u s i v e K° , Λ and Λ p r o d u c t i o n processes 
Topology 
2-prongs i n e l a s t i c 
4-prongs 
6-prongs 
8-prongs 
10-prongs 
12-prongs 
14-prongs 
16-prongs 
18-prongs 
20-prongs 
T o t a l 
Number o f 
events 
5.081 
12.634 
12.267 
8.719 
4.431 
1.549 
435 
91 
17 
7 
45.231 
Microbarn 
e q u i v a l e n t [ u b / e v e n t ] 
0.356 
0.351 
0.346 
0.345 
0.377 
0.374 
0.41 
0.55 
0.88 
0.19 
0.3537 
- 96 -
Table .4Ь 
Number of events and microbarn-equivalents 
per topology for the sample used for the ana lys i s 
of inc lus ive Корт production processes 
Topology 
2-prongs i n e l a s t i c 
4-prongs 
6-prongs 
8-prongs 
10-prongs 
12-prongs 
14-prongs 
16-prongs 
18-prongs 
20-prongs 
Total 
Number of 
events 
4.335 
10.771 
10.431 
7.471 
3.803 
1.339 
370 
78 
14 
6 
38.618 
Microbarn 
equivalent 
[yb/event] 
0.418 
0.412 
0.406 
0.403 
0.439 
0.433 
0.49 
0.64 
1.07 
0.22 
0.4143 
V.2.b Corrections for losses and cuts 
To compensate for the various losses and cuts the following cor­
rection factors have to be applied to each K°, Λ and Λ hypothesis se­
lected : 
1) A correction factor for scanning losses of V°-vertices, associated 
with a primary interaction that was included in the sample. This 
factor is denoted as C s c a n(V°). (i is the topology of the primary 
interaction) 
2) A correction factor for losses of V°-vertices, due to problems in 
the geometrical reconstruction. This factor is denoted as C? (V o). 
3) A correction factor for losses of V -vertices due to cuts applied in 
the decay angle distributions in order to reduce to contamination in 
f f 
the different V -samples. (V is the 3C-fit hypothesis considered, 
i.e. K°, Л о г Л ) . This factor is denoted as C a m b(V f) . 
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f 
4) A correction factor for losses of V -vertices that are either too 
close to the primary interaction or too far away from this vertex to 
be seen. A different correction factor has to be calculated for each 
V -hypothesis selected. This factor is denoted as c| (V ). (ais 
f 
an index running over all V -vertices selected) 
5) A correction factor for losses of V -vertices due to interactions of 
the neutral particles with protons in the liquid hydrogen. This fac­
tor is denoted as C^ n t(V f). 
6) A correction factor for losses of V -vertices due to inefficiencies 
in the kinematical fitting procedure. This factor is denoted as 
C f i t ( V f ) . 
7) A correction factor for unseen decay modes. This factor is denoted 
as C d e o ( V f ) . 
1. Calculation of C s c a n(V°). 
This correction factor is simply the inverse of the Vo scanning ef­
ficiency, i.e. the inverse of the efficiency (denoted as г? с а п( °)) 
to detect a Vo vertex, if the associated primary interaction has 
been found and included in the sample. Since the Vo scanning effici­
encies were not significantly different for the various topologies 
an average value was used. Only a distinction between the different 
laboratories and runs had to be made. The Vo scanning efficiencies 
are listed in table V.5. 
2. Calculation of cf s t(V°). 
This correction factor is the inverse of the geometry pass rate for 
Vo's defined as: 
#,
 0 > Number of V
o
's on the GST per primary interaction 
Pass Rate (Vo) = 1 -
Number of Vo's scanned per primary interaction 
The Vo pass rates for each laboratory are given in table V.6 for 
run 1 and run 2 separately. 
*) Whenever V°'s were scanned and measured on a frame by frame basis, 
the number of Vo's was normalized to the total number of frames instead 
of to the total number of primary interactions. 
- 98 -
Table V.5 
Scanning eff 
Laboratory 
Brussels 
CERN 
Genova 
Hons 
Nijmegen 
Serpukhov 
Tel-Aviv 
iciencies per laboratory and per run 
Run 1 
0.89 ± 0.05 
0.96 ± 0.02 
0.99 ± 0.01 
0.985 ± 0.015 
1.00 ± 0.01 
0.98 ± 0.02 
0.90 ±0.09 
Run 2 
-
0.986 ± 0.01 
0.91 ± 0.01 
-
1.00 ± 0.01 
0.98 ±0.02 
-
Table V.6 
Vo pass rates per laboratory and per run 
Laboratory 
Brussels 
CERN 
Genova 
Mons 
Nijmegen 
Serpukhov 
Tel-Aviv 
Run 1 
0.82 ± 0.02 
1.00 ± 0.02 
0.83 ± 0.01 
0.88 ± 0.02 
1.00 ± 0.01 
0.95 ± 0.02 
0.90 ± 0.02 
Run 2 
-
1.00 ± 0.01 
1.00 ± 0.01 
-
1.00 ± 0.01 
0.965± 0.02 
-
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3. Calculation of C a m b ( V f ) . 
These cuts have already been described in section IV.3. The correc­
tion factors for the cuts applied are: 
Camb(K°)=1.25. Lamb(A)=1.25 and C a m b(A) = 1.54. 
4. Calculation of C^ e o m(V f). 
г 
To be able to correct for losses of V -vertices that are either too 
close to the primary interaction or too far away from this vertex to 
be seen, part of the Vo's had to be excluded from the sample, a pro­
cedure already described in section IV.1. The remaining Vo's are 
weighted with: 
c f o m ( V f ) = [e-L
min/l' - e-Lpot'l]-
1
 (V.9) 
in order to correct for the geometrical losses described above, 
where 
4>ot = *"ne P r oJ e c t ed potential path length of the V in the fiducial 
volume; it is a function of Rg£gc and of the relative posi-
tion of the primary and V vertices in the fiducial volume. 
f 
1 = the mean trajectory length for a V of the momentum consi­
dered before it decays or interacts with a proton. 
1' = the projection of 1 onto the xy-plane, which is approximately 
perpendicular to the camera axes. 
To calculate 1 from the mean free decay path (=X=gy.ct) and the mean 
free path for interactions with protons in the liquid hydrogen 
(=l^
n
^) the following formulae were used: 
λ
·4ηί 
λ + 1int 
(V.10) 
1int = Ni· Г" ( V - 1 1 ) 
i n t
 ' Pto(V
f) 
where p t is the proton density in liquid hydrogen 
o(V') is the total cross section for K°p, Λρ and Лр 
interactions in the liquid hydrogen. 
These cross sections were parametrized in function of the laboratory 
momentum of each neutral particle (in GeV/c) using the expressions: 
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σ(Κ°) = (19+3/ρ) mb (V.12) 
σ(Λ) = (30+3/ρ2) mb (V. 13) 
σ(Λ) = (30+60/ρ) mb (V.14) 
5. Calculation of C i n t ( V f ) . 
This correction factor was obtained using the formula: 
4 n t(V f) = λ * llnt (V.15) 
1int 
6. Calculation of C f l t ( V f ) . 
This correction factor is the inverse of the efficiency of the kine-
matical fitting procedure, which we have discussed in chapter IV. 
The estimated efficiencies are: e f i t(K°) = (97±2)!S, efit(A)=(95±3)% 
and efit(A)=(95±3)%. 
7. Calculation of C d e c ( V f ) . 
Using the p r o b a b i l i t i e s for the decay modes detected in the bubble 
chamber the following correct ion fac tors are obta ined : 1.458 for K°; 
2x1.458 for Kn=K^+K°; 1.558 for Л and Л. 
The inc lus ive n e u t r a l s trange p a r t i c l e production c ross s e c t i o n s for 
each topology a r e obtained by weighting every K°, д and Л hypothesis by 
the product of a l l the above c o r r e c t i o n f a c t o r s and the 
microbarn-equivalent determined for t h i s topology. 
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CHAPTER VI 
INCLUSIVE NEUTRAL KAON PRODUCTION 
The reaction 
K +p -^ K0(k^) + X (VI. 1) 
has been studied extensively up to 32 GeV/c incident momentum1- · 3 J 
and was shown to be a useful tool to reveal various strong interaction 
features. In this chapter we extend these studies to the incident mom­
entum of 70 GeV/c. 
In section VI.1 we present the K°(K°) inclusive cross sections. We 
study the subdivision of these cross sections not only over the various 
charged topologies but also over the different final states with one or 
three strange particles using the multiple-V0 events. In section VI.2 
we study the invariant cross of reaction (1), its Feynman x-dependence 
for various kinematical regions and its p^-dependence. In section VI.3 
we briefly discuss K*-production and use this information to distin­
guish the contribution of the so-called prompt-K°'s from the one re­
sulting from the inclusive reaction: 
K+p -» K Q 9 2 + X (VI.2) 
( K892 ~* Κ ° π ) 
The resulting (prompt) distributions are compared with models in sec­
tion VI. 4. 
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VI.1 Inclusive cross sections 
Table VI.1 presents the total and topological inclusive 
tions for the inclusive reactions: 
K+p -> Kn + X 
K+p -> 2 Kn + X 
K+p -» 3 Kn + X 
where Kn stands for either K° or K°. 
Table VI.1 
] 
(Errors stat 
No. of prongs 
2 
4 
6 
8 
10 
12 
14 
16 
18 
Total 
nclusive Cross Sections (in mb) for 
K+p -> (mKn) + X at 70 GeV/c 
istical only; overall systematic 
K+p -> KnX 
1.28 ±0.06 
2.59 ± 0.08 
2.82 ± 0.08 
1.98 ±0.07 
1.12 ± 0.05 
0.31 ± 0.03 
0.075 ± 0.013 
0.029 ± 0.010 
0.010 ± 0.007 
10.20 ± 0.16 
K+p —> 2KnX 
0.269 ± 0.043 
0.654 ± 0.071 
0.933 ± 0.083 
0.488 ± 0.057 
0.322 ± 0.048 
0.076 ± 0.025 
2.74 ± 0.14 
error =2%) 
K+p -> 3KnX 
0.12 ± 0.09 
0.19 ± 0.08 
0.31 ± 0.13 
The average charge multiplicity associated with Reproduction is 
equal to (6.11±.06); this value agrees with the overall average charge 
multiplicity of (6.14±.03) presented in section V.1.C Actually not 
only the average multiplicity, also the division of the cross section 
over the different topologies is independent of the presence of a Kn. 
The total inclusive Kn-cross section obtained is (10.20 ± 0.16) 
mb. In fig. VI.1(a) we compare this value with data at lower energies. 
cross sec-
(VI.3) 
(VI.4) 
(VI.5) 
- 103 -
E 
С 
О 
ri 
J-> 
ü 
ω 
ел 
со 
со 
о 
с. 
о 
14 -
12-
10-
8-
6-
M 
3 . 2 -
2 . 4 -
1.6-
-
. θ -
η 
и 
. 4 -
. 3 -
. 2 -
. 1 -
0-
α) 
• 
b) 
с) 
К
+
р - К
п
 + X 
• • · 
К*р - 2КП + X 
i 
• 
• • 
К*р - ЗК
П
 + X 
ι 1 1—>—ι 1 
-
1 > 
• 
f 
-
I 1 1 | • 
-
• 
Î 
• t h i s 
expe r lmen t 
-
-
> 
-
ι ι 
\ . Τ 
1 1 1 1 • 1 • 1—1 1 1 ' 
10' IO2 2.IO 2 
(GeV2) 
Fig. VI.la-a: Energy dependenae of the inclusive cross section for the 
reactions A) K+p -* Kn+X b) K+p -* 2Kn+X c) K+p -^ SKn+X. 
The rise observed at 32 GeV/c persists^25!. In fig. VI. Kb) and VI. 1(c) 
we compare also the 2Kn and 3Kn inclusive cross sections with values 
obtained at lower energies; their rise is even steeper. This confirms 
that the increase seen in the total inclusive Kn cross section can be 
attributed essentially to the rapid increase of the multikaon produc-
[25 ] tion cross sections, an observation already made at 32 GeV/c 
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It is interesting to try to interpret the inclusive reactions 
(VI.3), (VI.4) and (VI.5) in terms of final states with 'exclusive' 
strangeness. To this end we need, in addition to the above reactions, 
also the inclusive channels containing A's and A's. Table VI.2 gives 
the reactions involved and the experimental cross sections obtained. 
For completeness we have repeated in this table the results for reac­
tions (VI.3) to (VI.5). For comparison the results obtained at 32 GeV/c 
fpc 1 
are also given J J . We now assume that the main contributions to these 
inclusive reactions come from final states with either one or three 
strange particles only, i.e. from 
K+p -> K° + X
n s
 (VI.6) 
-» л + x
n s
 (VI.7) 
-> KKK + X
n s
 (VI.8) 
->KKA + X
n s
 (VI.9) 
-» ΚΚΛ + X
n s
 (VI. 10) 
-> KAÄ+ Xn3 (VI. 11) 
where X denotes a system which does not contain any strange parti-
cles, and К (К) indicates either K + or K° (К5 or K"). To relate the 
above reactions ( І.б)-( І.11) to the inclusive channel cross sections 
of table VI.2, requires assumptions about the relative probabilities of 
the different multi-strange states KKK, ККЛ, ККЛ and КЛЛ. These 
states differ by the charge-states of the strange particles involved. 
(For example: KKK can contribute as K ^ K 5 , К°К+К^, K+K+K5, K°K°K" and 
K°K +K"). Both Cochet et a l . [ 2 6 ] and Chliapnikov et al. [ 2 5^ have consi­
dered this problem at 32 GeV/c K* p. With the assumption that each 
final state has a relative weight proportional to its 
'isospin-phase-space' all inclusive channels of table VI.2 can be ex­
pressed in terms of just four (charge-specified) sub-channel cross sec­
tions, namely K+p -» K°K 0K°X
n c
, K°K°AX
ncj, Κ
0
Κ^ΑΧ„
ο
 and Κ°ΛΑΧ„
α
. In 
По По По ΓΙ ¡3 
this (overconstrained) situation one can then determine the four 
'pivotal' cross sections by means of a least-squares fit. No measure-
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Table VI.2 
Final State 
K n
+
X 
(2Kn)+X 
(3Kn)+X 
Λ +X 
(Λ Kn)+X 
(Λ 2Kn)+X 
Λ +X 
(Λ Kn)+X 
(Λ Λ) +X 
( Λ Λ Kn)+X 
Inclusive Cross Sections (mb) 
(Errors statistical only; systematic error -2%) 
Exp. 70 GeV/c 
10.20 ± 0.16 
2.74 ± 0. 14 
0.31 ± 0.13 
1.07 ± 0.04 
0.98 ± 0.09 
0.36 ± 0.13 
0.65 ± 0.04 
0.25 ± 0.05 
0.09 ± 0.02 
0.015 ± 0.015 
Fit 70 GeV/c 
(X2-Prob.=65i) 
2.73 
0.38 
1.07 
1.00 
0.23 
0.25 
0.08 
0.040 
Exp. 
7.9 
1.23 
0.10 
0.78 
0.67 
0. 19 
0.42 
0.08 
0.05 
0.018 
32 GeV/c 
± 0.30 
± 0.10 
±0.06 
± 0.05 
±0.07 
±0.07 
± 0.04 
± 0.02 
± 0.01 
± 0.012 
Fit 32 GeV/c 
(X2-Prob.=34t) 
1.20 
0. 15 
0.76 
0.73 
0. 17 
0.08 
0.04 
0.022 
ment of charged-Σ cross section was attempted. The Σ°(Σ^) production is 
'automatically' taken into account since we do not distinguish direct 
Λ ( Λ ) production from the one resulting from Σ°(Σ°) decay. Following 
the procedures proposed in ref. [26] we corrected for the possible 
presence of Σ~(Σ~) particles in the X-final states of table VI.2, by 
assuming that the pivotal-type reactions containing a Σ~(Σ ) instead of 
а Λ(Λ ), amounted to a fixed fraction of the corresponding Л(Л ) reac­
tion. For definitness the fraction advocated in ref. [25] was used 
(=60%) but it was checked that the results obtained were rather insen­
sitive to this choice; e.g. a variation from 60 to 120Ϊ did not produce 
a significant difference. The results obtained following this procedure 
are shown in Table VI.3. The values predicted by these fits for the 
input cross sections are shown in table VI.2. Both in table VI.2 and in 
table VI.3 the results obtained at 32 GeV/C K+p using the same proce­
dure are shown for comparison. Again the rapid increase of the multika-
on cross sections is evident. 
Table VI.3 
F i t t e d Cross Sect 
Reaction 
K+p -» K°K°K°+X
ns 
к
+
р -» к°к°л +x
n s 
K+p -> к°к°л +x
n s 
к
+
р -> к°лл +x
n s 
ions for Multi-Strange 
Fit - 70 GeV/c 
0.38 ± 0.03 
0.23 ± 0.01 
0.046 1 0.013 
0.040 ± 0.009 
Subchannels (mb) 
F i t - 32 GeV/c 
0. 15 ± 0.02 
0.17 ± 0.01 
0.012 1 0.005 
0.022 ± 0.005 
Using these results, the cross section of reaction (VI.6) is cal­
culated as the difference between that of reaction (VI.3) and the K n 
contributions from reaction (VI.8) to (VI.11). Similarly the cross sec­
tion for reaction (VI.7) is the difference between the Л inclusive 
cross section and the Л-contribution from reactions (VI. 10) and 
(VI.11). The results are 
σ(κ° X
n s
) = (3.7010.41) mb 
and 
σ(Λ X
n s
) = (0.3410.07) mb 
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These values are compatible with the cross sections found at 32 GeV/c 
and thus again indicate that it are the multistrange processes which 
cause the inclusive 70 GeV/c cross sections to be higher than at 32 
GeV/c. 
Finally, from the results presented in table VI.3 and the model 
assumption of ref. [25], it is possible to estimate how the inclusive 
Kn-cross section divides itself between the K° and K° cross section. 
The results found are 
σ(Κ°) = (8.52±0.20) mb 
and 
σ(Κ°) = (1.68±0.13) mb 
We observe that at 70 GeV/c the К inclusive production has become ap­
proximately 16% of the Kn inclusive production while it was only ap­
proximately 8Í at 32 GeV/c. 
О 10 20 30 40 50 60 
t K. K-(GeV/c)
2 
Fig. VI.2: Chew-Low plot for the veaotion K+p —> KnX at 70 GeV/c. 
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VI.2 Inclusive К distributions 
The general features of Kn production at 70 GeV/c can be seen from 
the Chew-Low plot (fig. VI.2) which shows M^/s vs t, Vq/s being the 
missing mass squared to the Kn and t the four-momentum transfer from 
the K + to the K n (defined to be positive in the physical region). Lines 
of constant χ are superimposed on the data. 
Inspection of this plot immediately reveals that the Kn's are dom-
inantly produced with a positive x, indicating a strong leading parti­
cle effect. There is however also a non-negligible contribution around 
x=0 and a tail extending into the x<0 region, indicating the presence 
of central (and perhaps even target fragmentation) K n production. 
Figs. VI.3 and VI.4 show the projections of the Chew-Low plot to­
gether with the data obtained at 32 GeV/c [25] From fig. VI.3 we con­
clude that the do/d(M^/s) cross section scales, at least from 32 GeV/c 
a. 
w 
И х 
b 
10s 
10" 
103 
10* 
K+p - Kn + X 
++-
-¥• 
o+*o 
-**•* 
T H 
rK 
. 70 GeV/c 
о 32 GeV/c 
.2 
M2/s ( K n ) 
Fig. VI.3: Projection of the Chew-Low plot for the reaction 
K+p —» KnX at 70 GeV/c on the M2/'e-axis. 
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Fig·. VI.4: Projeetion of the Chew-Low plot for the reaction 
K+p —> ΚηΧ at 70 GeV/a on the t-axie. 
о 
onwards and up to Mr:/s=0.8. As expected, t h e 70 GeV/c da/dt data l i e 
s y s t e m a t i c a l l y above the 32 GeV/c r e s u l t s and t h i s trend becomes even 
more pronounced above t - 5 (GeV) . Only a f i t with two separate expo­
n e n t i a l s : 
1*1-
 ( 1 _ c ) . e - a . t + c . e - b . t 
σ dt 
(VI.12) 
gives an adequate representation of the data between t=0.5 and t=20 
(GeV/c) . The fitted values for the parameters are: 
a=(0.64±0.04)(GeV/c)2 b=(0.1U0.01 ) (GeV/c)2 and c=(0.14±0.02) 
The resulting fit is shown on fig. VI.4. As also observed at 32 GeV/c, 
fits with a single exponential do not give a satisfactory description 
of the data. Even an exponential with a quadratic form (da/dt -
о 
e
-a. b.t ), found to be satisfactory at 32 GeV/c, cannot give an ac­
ceptable fit to the 70 GeV/c data. 
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VI.2.a Longitudinal momentum distributions 
Fig. VI.5 presents the invariant inclusive cross section for reac-
tion (VI.3) as a function of x:(#) 
f(x) = _,_ /_ —,- dp^ (VI.13) 
max J dx.dp
2 z 
P™„„ dpt-
For comparison we also show the data obtained at 32 GeV/c1- •'•' and the 
ratio f(x)yQ G e V / C ^ x ^ 3 2 GeV/c S o a l i n 6 appears to be satisfied at all 
x-values. This conclusion can be verified in greater detail for the 
three regions of interest (beam fragmentation, target fragmentation and 
central production) on the figs. VI.6, VI.7 and VI.8. 
Figs. VI.6 and VI.7 present the invariant cross sections in terms 
PRJ Ï AR PRJ 
of p[ and Pr respectively, where p£ is the longitudinal momentum 
LAB in the projectile (beam) system and p£ the same quantity expressed 
in the laboratory (target) system. Comparing again with the 32 GeV/c 
PR J data we observe scaling both in the beam-fragmentation region (pf 
<2.5 GeV/c) and in the target-fragmentation region (within the limited 
! AR 
statistics in the crucial, very low Рт" region). 
PR J 2 
Fig. VI.8 shows the pf~ - d i s t r i b u t i o n in tegra ted over p t and over 
PRJ PRJ 
various pi - r e g i o n s . All these regions have a common p^ (min)=0 but a 
PR Τ 
p£ (max) varying from 1.0 GeV/c to 0.25 GeV/c. The values obtained are 
compared with those from a s e r i e s of K+p-experiments a t lower energ ies 
( i n c i d e n t momenta a t 5, 8.2,16 GeV/c'-24-' and 32 GeV/c'-25·' r e s p e c t i v e -
1 /2 
l y ) . The comparison is made in terms of the variable s suggested by 
the Regge-Mueller formalism^ 2' . In this formalism the invariant struc­
ture function for reaction (VI.3) is related to a discontinuity in the 
(forward) elastic amplitudes of the three-body reactions K +K°p —> K +K°p 
and K +K^p —> K +K^p. In the so-called single-Regge limit of these re­
actions one predicts for the invariant structure function an expression 
of the type 
E ^ _
 =
 A(pP R J.p t
2)
 +
B(pP R J.p t
2).s a ( 0 )- 1 (VI.14) 
dpJ 
v
 To allow a direct comparison with most other data presentations 
we have omitted the required constant 1/π . 
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Fig. VI.8: Energy dependence of the -integrated structure function of 
the reaction K*~p —» KnX in the beam fragmentation region. 
provided only Pomeron and meson-trajectories are considered. In the 
above expression a(0) is the intercept of the leading (meson) Regge 
trajectory; as it was found in K+p interactions at 5, 8.2 and 16 
GeV/cL J that the p-A2 trajectory (with o(0) - 0.5) gives a dominant 
contribution in the beam fragmentation region, one expects from the 
above Regge-Mueller expression an energy dependence for the 
PR J ? — 1/7 
(p£ ,pt )-integrated quantities introduced above of the type s . 
Fig. VI.8 shows that the predicted behaviour is indeed present up to 16 
GeV/c but our data at 70 GeV/c confirm the 32 GeV/c result that this 
behaviour does not continue to higher energies. 
The above Regge-Mueller analysis can also be applied to the target 
Γ AR 
fragmentation region (then studying pt* -integrated invariant func­
tions). In this case the dominance of meson trajectories (f'-φ) with 
a(0)~0 would predict an s behaviour. Evidence for such behaviour was 
presented in ref. [25]. Table VI.1 shows a comparison of the 70 GeV/c 
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Table VI.4 
LAB 
PL ,max 
/ 
0 
„LAB 
PL 
0 - 0.2 
0 - 0.4 
0 - 0.6 
0 - 0.8 
0 - 1.0 
0 - 1.2 
0 - 0.25 
0-0.45 
0 - 0.75 
H„LAB f d
2 
dp, ·Ε· 
dp L . 
32 GeV/c 
5 ± 4 
35 ± 10 
110 ± 15 
220 ± 20 
369 ± 26 
578 ± 31 
10 ± 6 
35 ± 8 
150 ± 20 
dpt 
70 GeV/c 
11 ± 7 
47 ± 12 
126 ± 19 
216 ± 24 
363 ± 32 
536 ± 41 
25 ± 10 
61 ± 14 
188 ± 22 
and the 32 GeV/c data for various p{] -intervals. It is clear that 
there is no significant s dependence; at 70 GeV/c meson exchange has 
died out. 
Actually the above findings were already implicit in our conclu­
sions concerning the scaling of the structure functions between 32 and 
70 GeV/o, both in the beam and in the target fragmentation regions. 
VI.2.b Transverse momentum distributions 
ρ 
The differential cross section da/dpt is shown in fig. VI.9, to­
rpe τ 
gether with the results obtained at 32 GeV/cL'1JJ. The shapes of these 
distributions appear identical but, as expected, the 70 GeV/c data 
lie systematically higher. As was the case for the do/dt distribu­
tion, the do/dpt
2
 data cannot be fitted by a single exponential but re­
quire the superposition of two exponentials: 
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1 da 
a d p t 
( 1 - o ) . e - a - p t + o . e - b - p t (VI.15) 
A f i t to the data up t o p t
2
= 1 . 8 (GeV/o)2 of t h i s expression y i e l d s 
a=(7.9±1.0)(GeV/c) 2 b=(2.8±0.2)(GeV/c) 2 and c=(0.33±0.06) 
- 117 -
The average value of p t at 70 GeV/c is found to be 
<pt> = (0.45±0.01) GeV/c 
which is compatible with the value (0.441±0.007)GeV/c found at 32 
GeV/c. In fig. VI.10 we show the x-dependence of the <pt> value; a 
clear seagull-effect is observed. As opposed to proton-initiated reac­
tions, no significant 'lifting' of the seagull-wings with increasing 
incident energy is seen in Reinitiated reactions. For completeness 
fig. VI.11 shows the x-dependence of <Ρ^>^# when averaged with the in­
variant structure function. This transformation supposedly eliminates, 
at least partly, the kinematical component of the seagull-effect. We 
observe that an effect of essentially the same size persists. 
.8-
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Fig. VI.10: The dependence of <pt> ση χ for the reaction 
K+p —» KnX at 32 and 70 GeV/c. 
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VI. 3 Prompt Kn and inc lus ive Kgq? production 
Fig . VI. 12 shows the importance of the Kgg2 —> Κ°π
+
 s ignal in our 
d a t a . In discuss ing model pred ic t ions for the inc lus ive i n v a r i a n t long­
i t u d i n a l Kn spectra one i s confronted with the fact t h a t a f r a c t i o n of 
these K n ' s i s not promptly produced, but r e s u l t s from the decay of r e -
»+ 
sonances. The most important source in this respect are the Kgnp and 
Kgnp decays. There are in principle also contributions from the Kggp's 
but they populate mainly the central region; as our model comparisons 
are limited to the forward region (x>0.2) they can be safely neglected. 
Equally negligible are contributions coming from other (lower cross 
section) resonances such as the К-щ™, the φ , etc. The above implies 
that a substantially enriched 'prompt' Kn-sample can be obtained if one 
determines the inclusive distribution of the Kn's coming from K S Q P de­
cays and subtracts this distribution from the total inclusive 
Kn-distribution. We will refer to this difference distribution as the 
prompt Redistribution. 
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Fig. VI.12: The weighted distribution of the effective mass of the 
Х
и
іт
+
 system. The curve is the result of a fit using 
,*+ ,*+ Rogo end K-1430 v e s o n a n a e e plus background. 
In principle one would also like to correct the К -sample for the 
presence of diffractive contributions. Our present level of statistics 
does not allow us to subtract such a contribution in a meaningful way. 
Simple (slow-proton) cuts are biased. The elimination of the Kggp 
decay contribution will in any case also eliminate a major fraction of 
the diffractive events. 
There are in principle several ways of deriving an inclusive dis­
tribution of K n ,s resulting from Kgg2 decay. All are approximate. The 
one described below is preferred for reasons of statistics and measure­
ment accuracy. 
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Fig. VI.13: The x-dependenoe of the structure function for reaction 
Koqp+X at 70 GeV/c, compared with the structure K+P • 
function of the daughter kaone from K8g2 decay *+ 
Fig. VI. 13 presents the x-distributions of the Kg g 2 events. It was 
obtained by first making an x-distribution of all (Kn π +) systems pre­
sent, treating each of these systems as quasi-particles. In each x-bin 
we fitted the (Knir+) mass distributions of all combinations falling in-
side this bin, using (relativistic) Kgg2 and К-щ^д Breit-Wigners and 
a background consisting of an exponential times a threshold factor. The 
^892 and Κ*^ο Breit-Wigner width was varied with the x-region consi-
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dered following our experimental resolution. The net result of the 
»+ 
above operation is an x-dependent Kgn2 resonance-vs-background ratio. 
Using the ratio as a multiplier, the starting (Κ ηπ +) x-distribution is 
then transformed into the Kgq,-distribution of fig. VI.13. With a fit 
of the invariant Kg q 2 cross section in the region χ 1 0.2 to the form 
f(x) = A.(1-х)" a value of n=0.11 ± 0.07 is found. This value is iden­
tical to the one obtained at 32 GeV/c using the same fit-interval'·28-' 
and much smaller than expected on the basis of dimensional counting 
rules (DCR's)'-2"-'. In ref. [28] an explanation in terms of a contribu­
tion of К -events coming from the decay of diffractive Κ π systems was 
proposed for this effect; this problem will be investigated further in 
»+ 
a forthcoming paper. The total cross section for Kgnp -production 
equals (Ц.1 ± 0.3) mb. This represents a rise of -20J compared to the 
»+ 
Kgnp cross section at 32 GeV/c. 
Next we evaluate the x-distribution of the Kn's resulting from the 
decay of the Kgnp. To this end we determine the x-distribution of the 
Kn's for each of the (Кптг+) x-regions separately and superpose these 
distributions using as weighting factors the resonance-vs-background 
ratio's defined above, but now evaluated for a more restricted region 
around the Kgg2· The resulting decay-K
n
 distribution is also shown in 
» 
^892 
and its decay-Kn is a consequence of decay kinematics. Results obtained 
for the Kgnp (not shown) indicate that the Kgg2 and Кдд2 here a compa­
tible x-distribution; the same conclusion can be drawn from the 32 
* Г 281 *o 
GeV/c Kgg2 data1 °J. If we make the assumption that the Kg q 2 and the 
Kgg2 have identical x-distributions, we obtain the total-decay 
Kn-distributions just by multiplying the Кдд2 —> Κ°π + decay distribu­
tion with the Clebsch-Gordan factor 3/2. Subtracting this (total) 
decay-Kn distribution from the overall inclusive Kn-spectrum leads to 
the 'prompt'-K11 distribution given in fig. VI. 14. For comparison the 
overall inclusive Redistribution before subtraction is repeated. The 
total contribution from Kgnp decay to the inclusive Kn-cross section 
amounts to a fraction of approximately ΊΟί, i.e. equal to the value of 
41% found at 32 GeV/c'·2-' . In addition to the above amount of indirect 
produced K n, there is another indirect contribution of approximately 
10Ï due to the decay of the Kgnp and higher mass resonances. 
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and overall X й production in the reaction K+p —» KnX at 
70 GeV/o. 
As expected both the prompt and the total K n production is concen­
trated in the forward hemisphere; the prompt Kn spectrum is however 
flatter than the overall one because the Kggp decay Kn's contribute 
mainly to the χ = (0.2-0.6) region. Fitting these invariant distribu­
tions to the form A.(1-x) n in various regions above χ = 0.2 leads to 
information on the limiting χ —> 1 behaviour which can be compared with 
the expectations from DCR's'-2^-'. For the overall K n distributions and 
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for χ 2 0.2 an η-value of (0.78±0.08) is found. This is still in disa­
greement with the expectations from dimensional counting rules but sta­
tistically compatible with the value of η = (0.5±0.2) reported by the 
32 GeV/c K+p-collaboration for the (total) inclusive Kn-spectrumL-' . 
Both the difference between the 32 GeV/c and the 70 GeV/c results and 
the larger 32 GeV/c error can be explained by differences in the 
fit-intervals used. The 32 GeV/c result refers to the very restricted 
region of χ 2 0.6; our statistics do not allow us to impose such a res­
triction but - conversely - fitting the 32 GeV/c data in the larger 
x-interval above 0.2 yields a result nearly identical to ours 
(0.72 ± 0.04). Actually this was to be expected also from our previous 
scaling observations. In ref. [30] the discrepancies with DCR expecta­
tions for reactions such as K + —> Κ , are related to corrections caused 
by SU(3)-breaking mass-differences between the (heavy) s-quark and the 
(light) u and d-quarks. 
VI.4 Comparisons with model predictions. 
Model interpretations of the inclusive meson production in the 
proton fragmentation region have already a long history. Well-known in 
this respect are the fragmentation^1 · 32. 33 J
 anc
j recombination 
ГЯ41 
models'--1 J. Recently the recombination model was extended to include 
Г 4SI inclusive meson production in the meson fragmentation regionLJ . All 
these models are far from rigorous and experience more or less зе еге 
theoretical (and occasionally experimental) problems when looked at on 
a fundamental level'--' . However, at present, they provide the only 
framework available for interpreting the features of hadron production 
in terms of a par ton picture. 
VI.4.a Recombination model 
Central to the recombination model is the assumption that final 
state hadrons in the beam (or target) fragmentation region are the re­
sult of the recombination of a fast valence quark with one (or more) 
quarks belonging to the sea. 
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Гчц 1 
Hwa and Roberts'·JJ extended the recombination model to explain 
the fragmentation of π-mesons into K-mesons. It is possible to apply a 
similar extension to the fragmentation of K+-mesons into [("-mesons'-"^. 
In the latter case the inclusive (invariant) Kn structure function can 
be written as: 
x
 J xs J xd î ë - / ? ? / ?
4
· ^ « . . " ! ) · " ^ . " « . ' ) CVI.16) 
where : 
. XJ and χ-* are the reduced momenta of the two recombinmg quarks, 
. F is the invariant joint distribution function of the two partons 
leading to the production of K°'s, and 
. R is their recombination function. 
Note that only K° production shares a valence quark with the in­
coming K + and that K° production would require the 'recombination' of 
two sea-quarks at large x, a mechanism falling outside the scope of the 
standard recombination model. We further make the usual assumption that 
the F -distribution function factorizes as: 
F(xd.x5)= F
S(x d)-F
K( X l) · P
k(x d+x B) (VI.17) 
where F (XJ) and F (Xg) are invariant single quark distributions and 
ρ (XJ+X-) a phase space factor that depends on the sum of the reduced 
momenta only. The parametrizations used for the various functions can 
be found in ref. [38]. Since our data are too scant to perform a mean­
ingful fit with with one or more free parameters (i.e. apart from the 
normalization) all the parameters present in the single quark distribu­
tions and the recombination function were fixed to values obtained in 
previous analyses. The curve predicted by the model is shown in 
fig. VI. 15 (solid line). The predicted curve agrees very well with the 
data. The χ -value, calculated over the region 0.2І x ¿1.0 (4 bins) is 
as small as 0.61 for three degrees of freedom. 
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modele. The solid curve represents a fit of the quark re­
combination model. The dash-dotted line gives the predic­
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the fragmentation model using a (succesful) recombination 
model distribution and quark fragmentation functions fol­
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І.Ч.Ь Fragmentation models 
A different approach to describe the inclusive production of ha-
drons is given by the various so-called fragmentation models'1' ' " ' " J . 
In these models the basic assumption is that one of the valence quarks 
flies through retaining all (or nearly all) of its momentum and pro­
duces hadrons by subsequent fragmentation-cascades. The starting point, 
again for K + —> K n fragmentation, is now given by a formula of the type 
1 
- — - χ Σ Σ l -^- -F^x^-nfcx/x,) (VI.18) 
σ dx i η J Xi 1 x λ 
χ 
where: 
. the sum over i runs over all quarks in the incident hadron and the 
η-sum implies a summing over K° and K^. 
. F (XjHisu.s) denotes the invariant distribution function of the va­
lence quarks in the incoming K + meson. 
κ
η 
. Щ (X/XJ) (n=1,2) denotes the fragmentation function of these va­
lence quark into K°'s and K^'s, respectively. 
The various fragmentation models differ as to their assumption 
I/ 
concerning the F and D functions. In the recombination model a good 
description of the data is the result of a successful match between 
distribution functions and recombination function. Here it depends on a 
successful joining of again distribution functions (F ) and fragmenta-
tion functions (Dg). Without additional independent information it is 
a priori not clear how model-independent the distribution functions in­
volved will be. 
In the Lund approach F is assumed to behave like a ¿-function 
around xsl^31J, The Orsay group relates FK to the valence quark distri-
bution function as measured in deep-inelastic lepton scattering^2-!; 
this option is of course not available with incident K + Is. In spite of 
the warning formulated in the previous paragraph we also test parametr-
ic 
izations of F based on the distribution functions which were success-
ful in the recombination model. (Note that from isospin invariance 
I/O if+ u 
F (Xj) = F (x u ) ) For the fragmentation functions D' we considered 
both the Field-Feynman'-39]
 a nd the Andersson e t а і Л °* p roposa l s . The 
exact form of the quark d i s t r i b u t i o n - and fragmentation functions used 
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are given in ref. [38]. As for the recombination model essentially 
(i.e. apart from the normalization) parameter-free predictions were ob­
tained. The comparisons were made by normalizing our predictions on the 
data in the region 0.2<x<1.0. The results obtained for different combi­
nations of F and D\? functions are shown in fig. VI. 15. Clearly the 
combination of the Lund-distribution and Field-Feynman fragmentation 
functions (dash-dotted curve) gives a good fit to the data 
(X2/NDF=1.7/3). The predictions based on the distribution functions 
which were successful in the recombination model are ruled out by the 
data. This is true wether one uses the Andersson et al. fragmentation 
function or the Field-Feynman ones, although for the former the discre­
pancies tend to be somewhat smaller. Fig. VI. 15 illustrates this prob­
lem in detail (dashed and dotted line respectively). Quite generally 
the experimental Kn-spectrum tends to be slightly harder than the one 
allowed by these fragmentation models. A similar feature has been ob­
served in other experiments, in particular in 110 GeV/c K"p inclusive 
Kn reactions'· К Note that in the successful Lund model predictions, 
the so-called favoured fragmentation (s —> K°) accounts for approxi­
mately 2/3 of the total; the rest divides itself roughly equally 
between the contributions s —» K^, u —> K° and u —> K^. 
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CHAPTER VII 
INCLUSIVE Λ AND Λ PRODUCTION 
In this chapter we present results on the inclusive reactions 
K+p -> Λ + X (VII.1) 
K +p -> Λ + X (VII.2) 
In section VII.1 the total and topological cross sections are de­
termined. In section VII.2 the invariant cross sections are studied. 
The results are compared with those obtained in similar studies of the 
same reactions at 8.2, 12.7, 16 and 32 G e V / c [ 4 2 , 4 3 l i W ] . In addition the 
structure function in the backward region for Λ and the forward region 
for Λ is fitted to expressions relevant for quark counting rules. In 
section VII.3 the Λ and Λ polarization are determined and their 
x-dependence is studied. 
VII.1 Inclusive cross sections 
In fig. VII.1 we compare our total cross section values 
σ(Λ) = (1.07±01)mb and σ(Λ) = (0.66±04)mb with data at lower energies. 
The Λ and Λ cross sections increase approximately as Ins. The topologi­
cal cross sections for Λ and Λ are given in table VII.1. In 
figs. VII.2a & VII.2b the topological cross sections for reaction 
(VII.1) 4 (VII.2) are presented as a function of the incident momentum 
in the laboratory system. The examination of this energy dependence for 
reaction (VII.1) shows that the 2-prong cross section drops rapidly in 
the energy region from 32 to 70 GeV. The 4, 6 and 8 prong cross sec-
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Fig. VII,1: Energy dependence of the inclusive cross section for the 
reactions K*p —> Λ 7- X and K+p —> Λ + X. 
Table V I I . 1 
I n c l u s i v e Cross Sect ions ( i n mb) 
f o r K+p - > Λ(Λ) + X a t 70 GeV/c 
( E r r o r s s t a t i s t i c a l o n l y ; systemat ic e r r o r -5%) 
No. o f prongs 
2 
4 
6 
8 
10 
12 
14 
16 
T o t a l 
K+p - > Л + X 
0.112 ± 0.012 
0.298 ± 0.019 
0.292 ± 0.019 
0.216 ± 0.017 
0.108 ± 0.011 
0.035 ± 0.006 
± -
0.003 ± 0.002 
1.07 ± 0 . 0 4 
K+p -> Л + X 
0.076 ± 0.01H 
0.179 ± 0.018 
0.184 ± 0.018 
0.130 ± 0.014 
0.060 ± 0.010 
0.029 ± 0.007 
0.004 ± 0.003 
0.66 ± 0.04 
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t i o n s are increas ing slowly, while those for 10, 12 prongs and higher 
increase r a p i d l y in t h i s energy reg ion. For r e a c t i o n (VII.2) both the 
2-prong and 4-prong cross sect ions drop in the energy region from 32 to 
70 GeV/c. The б-prong cross sect ion i s increas ing slowly, while the 
c r o s s - s e c t i o n s for 8, 10 prongs (and higher) increase r a p i d l y in t h i s 
energy r e g i o n . 
VII.2 Single p a r t i c l e inclusive d i s t r i b u t i o n s . 
The d i s t r i b u t i o n of A ' s from react ion (VII.1) in the allowed kine-
matical region i s shown in the Chew-Low p l o t of f ig . VII.3a, where we 
have p lo t ted M^/s versus t . M i s the missing mass squared to the K+ 
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Fig. VII.За: Chew-Low plot for· the reaction K+p —^ Л + X at 70 GeV/c. 
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and t the four momentum trans fer squared from the ρ to Λ (defined as 
p o s i t i v e in the physical r e g i o n ) . The boundary and l i n e s of constant χ 
are drawn in the same f igure . The pro ject ions of the Chew-low plot on 
M^/s and t are shown in f i g s . VII.4a and VII.5a, together with the 
data a t 32 GeV/c'-4 4·'. The corresponding p l o t s for r e a c t i o n (VII.2) are 
shown in f ig s . VII.3b, ІІ.ЦЬ and VII.5b with M£ now being the missing 
mass squared to the Λ and t the four momentum t r a n s f e r squared from the 
K+ to the Λ. Both for Λ and Λ the data accumulate near the boundary of 
the Chew-Low p l o t s , mainly in the high mass regions and are c o n s i s t e n t 
with a dominant production of Λ(Λ) in the t a r g e t (beam) fragmentation 
reg ion. 
1.0 
tK+Ä (GeV/c): 
Fig. VII.3b: Chew-Low plot for· the veaation K*~p —> Λ + X at 70 GeV/a. 
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The so-called early scaling conditions, for inclusive reactions of 
the type 
a + b —> с + X 
are present when the following conditions are satisfied 
.(abc) and (ab) both exotic 
.(be) or (ac) non exotic, 
where exotic (respectively non-exotic) states are (simply) defined as 
states with quantum numbers which cannot be (respectively can be) re-
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Fig. VII.4a: Projection of the Chew-Low plot for the reaction 
K*~p —* Л + X at 32 and 70 GeV/a on the M~/'ε-axis. 
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produced by e i t h e r a quark-antiquark system (in case of a meson) or a 
three-quark system ( in case of a baryon). 
One n o t i c e s t h a t for the r e a c t i o n s 
K+p -> Λ + X 
K+p -> Λ + X 
these early scaling conditions are satisfied both in the target and 
beam fragmentation regions for Λ and in the beam fragmentation region 
for Λ. Scaling for the 8.2 and 16 GeV/c data in terms of the 
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Fig. VII.4b: Projection of the Chew-Low plot for the reaction 
¡C*-p —» л + X at 22 and 70 GeV/c on the Щ./в-ахів. 
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(M 2-M 2 h)/s and t variables has indeed been observed. "•th From 
figs. ІІ.Ча and VII.4b we see that the differential cross section 
do/d(M 2/s) for reactions (VII.1) and (VII.2) also scales between 32 
and 70 GeV/c in the overlapping regions of phase space. For the differ­
ential cross section do/dt we observe that, up to 10 (GeV/c) 2 for reac­
tion (VII. 1) and up to 6 (GeV/c) 2 for reaction (VII.2), the data at 32 
and 70 GeV/c are compatible within errors. Above this t-value the 
cross-sections at 70 GeV/c are obviously higher than those observed at 
32 GeV/c. Both the Λ and Λ do/dt distribution were fitted to the fol­
lowing sum of exponentials: 
1 d o
 M „\ Ω-a.t . „ _-b.t 
- (1-е).e +c.e 
σ dt 
F i t t i n g the Λ d i s t r i b u t i o n in the region 
0.5(GeV/c)2 U Í 20.0 (GeV/c)2 one f inds 
(VII.3) 
a=(0.42±0.08)(GeV/c)2 b=(0.06±0.03)(GeV/c)2 and c=(0.13±0.06) 
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Fig. VII.5a: Projection of the Chew-Low plot for the reaction 
K^p —» Λ + X at 8.2, 16, 32 and 70 GeV/a on the t-axis. 
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For the Λ distribution in the region 2.0(GeV/c)2 i t i 20.0 (GeV/c)2 
one obtains 
a=(0.50±0.35)(GeV/c)2 b=(0.12±0.05)(GeV/c)2 and c=(0.25±0.13) 
The curves drawn on figs. VII.5a and VII.5b show the predictions 
resulting from these parameters. For the Λ fit one finds x2/ND=15/23, 
for the Λ fit x2/ND=15/14, both indicating an excellent fit. Also an ex­
ponential of the type: 
1 — -
 e-a.t+b.t¿ 
σ dt 
describes the data well. 
Fitting again in the t-regions mentioned above one obtains 
for Λ a=(0.3H±0.03)(GeV/c)2 and b=(0.010±0.002)(GeV/c) 
for Λ a=(0.29±0.06)(GeV/c) 2 and b=(0.006±0.003)(GeV/c) 
(VI I .4) 
VX (GeV/c)
2 
Fig. VII.Sb: Projection of the Chew-Low plot for the reaction 
Y+p _ * д
 + χ at 8.2, 16, 32 and 70 GeV/o on the t-ахів. 
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It is not possible to obtain such a good fit when using a single expo­
nential to parametrize the Λ and Λ data. 
The main features of the Λ(Λ) production in reactions (VII.1) and 
(VII.2) are also seen on the x-pt plots (figs. 6a and 6b). A's are pro­
duced preferentially in the target fragmentation region. However a 
non-negligible part is produced in the central region and also some 
forward production, related to K+ fragmentation, is observed. The pro­
duction of Л's is mainly in the beam fragmentation region as expected. 
However using the Feynman-x variable to investigate scaling, no indica­
tions of scaling (in the beam fragmentation region for A's and in the 
target fragmentation region for Л'з) were reported in the 16 and 
Г UUÌ 32 GeV/c dataL J. The experimental results mentioned above illustrate 
the sensitivity of the conclusions concerning early scaling behaviour 
to the choice of variables used. At lower energies the mapping of the 
Ρ Ρ Ρ 
variables (M^-M£h)/s and t to χ and p t
£
 is highly energy dependent 
and may obscure the early scaling behaviour. The fact that this mapping 
becomes less energy dependent with increasing incident momentum is one 
of the reasons to extend the study of these inclusive Λ(Λ) reactions to 
70 GeV/c. 
i.e 
1.6 
1.4 
1.2 
ι о 
0.Θ 
0.6 
o.u 
0.2 
-
-
-
-
-
1 1 I 1 1 1 1 
K*p - Л + X 
, 
- ; 
л _ ^ - 4
 ; ί - , -. 
I 1 I 1 I I I 
-
-
-
-
-
-
-
-0.2 0.2 
Fig. VII.6a-b: Scatter piote of p+ versus χ for the reactions 
a) K+p —> Λ + X and b) K+p —» Λ + X at 70 GeV/a. 
- 138 -
VII.2.a Longitudinal momentum d i s t r i b u t i o n s 
The invar ian t inc lus ive cross sec t ions for r eac t ions (VII.1) and 
(VI I .2 ) , 
E* / *d 2 o , 
f(x) = _ „ _ / dpt2 
P m a x ^ ^ - d P t 2 
(VII.5) 
• ax^ —.¿Pt 
are shown in f i g s . VII.7a and VII.7b r e s p e c t i v e l y , together with cor-
responding data a t inc ident momenta of 8 .2 , 16, 32 and 70 GeV/c. 
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Fig. VII. 7a: The Feynman x-dependenae of the structure function for 
the reaction K+p -> Λ + X at 8.2, 16, 32 and 70 GeV/c. 
- 139 -
Comparison of our data with data at lower energies1 £· J' shows 
an interesting feature. The scaling behaviour for the Λ production in 
the target fragmentation region and, as originally predicted by 
Feynmant^J, for Λ production in the beam fragmentation region is not 
observed between 16 and 32 GeV/c. However the 32 GeV/c and 70 GeV/c 
distributions are near to scaling over the full x-region. Closer in­
spection reveals that for reaction (VII.1) scaling is present for va­
lues of χ below 0.1 and for reaction (VII.2) for values of χ above 
-0.1. Outside these regions the 70 GeV/c data tend to lie systematical-
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Fig. VII. 7b: The Feynman x-dependenae of the structure function for 
the reaction K*~p —> Л + X at 8.2, 16, 32 and 70 GeV/c. 
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ly above the 32 GeV/c data. This tendency is seen more clearly in the 
rapidity distributions (figs. VII.8a and VII.8b). A shoulder appears at 
y -0.8 for Λ and at y --0.5 for Λ, whereas the 70 GeV/c and 32 GeV/c 
data are close in the central region. The rise of the Λ production from 
the K + fragmentation component, already indicated at lower energies, 
can be attributed to the contribution of the u-valence quark recombina­
tion process. The rising Λ production from proton fragmentation, not 
seen at lower energies, cannot be explained by such a process. 
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Fig. VII.8a: The dependence of the stvuetuve function on у for the 
réaction K^p —* Л + X at 8.2, 16, 32 and 70 GeV/c. 
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Results of f i t s to the form 
f ( x ) = ( 1 - | x | ) n (VII.6) 
both for forward and backward regions are given in table VII.2. The 
curves corresponding to these fits have been drawn on figs. VII.7a and 
VII.7b. The values obtained for η are in agreement with the predictions 
of the dimensional counting rules (DCR's)'•2"-', a result also found at 
lower energies'·™-). 
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Fig·. ІІ.вЪ: The dependence of the structure function on у for the 
reaction K+p —» Л + X at 8.2, 16, 32 and 70 GeV/c. 
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Table VII.2 
Values o f η r e s u l t i n g from f i t s o f ( 1 - l x l ) n 
t o the s t r u c t u r e f u n c t i o n s o f the r e a c t i o n s 
K+p - > Λ(Λ) + X a t 70 GeV/c 
К* - > л 
K+ - > Л 
ρ - » Λ 
χ region 
0.2 - 1.0 
0.2 - 1.0 
( - 1 . 0 ) - (-0.3) 
exponent η 
1.20 ± 0.47 
1.98 ± 0.28 
0.75 ± 0.18 
X2/ND 
6.8/5 
11.2/6 
6.6/5 
VII.2.b Transverse momentum distributions 
The differential cross sections for reactions (VII.1) and (VII.2) 
as functions of p t together with data at 8.2, 16 and 32 
GeV/c'-i<2,lt3·41'] are shown in figs. VII.9a and VII.9b respectively. 
All distributions exhibit an approximately exponential behaviour. 
The values of the slope parameter a, resulting from fits to the expres­
sion : 
ÍÍL- - e"a-Pt (VII.7) 
dpt2 
are given in table VII.3 together with the values obtained at lower en-
ergies. From this table it is clear that the decrease in slope observed 
between 8.2 and 16 GeV/c has changed to a more or less constant slope 
between 32 and 70 GeV/c, both for reaction (VII.1) and reaction 
(VII.2). For reaction (VII.1) this change is even more pronounced than 
for reaction (VII.2). In addition the slopes at 70 GeV/c have become 
almost equal for both reactions. The values for <P^ > and P^f-* a r e 
(0.35±0.01) (GeV/c)2 and (0.51±0.01) GeV/c for reaction (VII.1); 
(0.35±0.02) (GeV/c)2 and (0.51±0.01)GeV/c for reaction (VII.2). 
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Fig. VII.9a: The differential arose section d /dp£ for the reaction 
J^p -* Л + X at 8.2, 16, 32 and 70 GeV/c. 
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Table І І . З 
Values of the exponential slope parameter b 
of the p^ distributions for the reactions 
K+p -> Λ(Λ) + X at 70 GeV/c 
Beam 
momentum 
(GeV/c) 
.2 
16.0 
32.0 
70.0 
p t
2
 (GeV/c)2 
0.0 - 1.92 
0.0 - 1.92 
0.0 - 1.90 
0.0 - 1.76 
K+p —» Λ + X 
4.16 ± 0.17 
3.46 ± 0.11 
3.21 ± 0.09 
3.35 ± 0.15 
p t
2
 (GeV/c)2 
0.0 - 1.28 
0.0 - 1.76 
0.0 - 2.00 
0.0 - 1.76 
K +p -> Λ + Χ 
5.57 ± 0.40 
3.96 ± 0.20 
3. 11 ± 0.14 
3.03 ± 0.19 
The v a r i a t i o n of the average t ransverse momentum <P t >, as a func­
t ion of χ i s presented in f ig s . VII.10a and VII.10b, for both r e a c t i o n s 
(VII.1) and (VII.2) respect ive ly and compared with the 32 GeV/c d a t a . 
The <p t> values at 70 GeV/c are s l i g h t l y higher than those a t 32 GeV/c 
in almost a l l χ r e g i o n s . A small but systematic r i s e of <p^> i s present 
for x>0.4 for reac t ion ( V I I . 1 ) . This might be r e l a t e d to the r i s e in 
the beam fragmentation processes mentioned in the previous s e c t i o n . 
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VII.3 P o l a r i z a t i o n . 
The p o l a r i z a t i o n of the Л(Л) was determined from Л—> p u ' 
(Λ —> ρ π + ) decay. The d i s t r i b u t i o n of the proton in the Λ(Λ) r e s t 
frame can be wr i t ten a s : 
dN N 
_ I = £_ (1 + aP.cos9 N ) (VII.8) d и 4 π и 
where: Ν = the t o t a l number of events 
Й = the sol id angle 
Ρ = the p o l a r i z a t i o n 
a - the weak decay asymmetry parameter with value 
0.642±0.013 for A's and -0.642±0.013 for Л ' з [ 1 1 ] 
до= the angle between the normal to the production plane 
and the d i r e c t i o n of the decay proton(ant iproton) 
in the Л(Л) r e s t frame 
The normal to the production plane i s defined a s : 
η = (Рл(Л) x Р р ( К ) ) / | ( £ л ( Л ) x ί ρ ί Κ ) * 1 (VII.9) 
Calculat ing the f i r s t and second moment of the angular d i s t r i b u t i o n in 
cos9ii one obta ins the following formula for the p o l a r i z a t i o n : 
αΡ ± Δ(αΡ) 
<coseM> 1 [ < c o s 2 e M ( 1 - a P c o s 6 M ) 2 > ] 1 / 2 
- ± - Ü (VII.10) 
<cos29N> V^ <cos29N> 
Using the above formula for the determination of P, the results obta-
ined remain unbiased in spite of the fact that cuts in the decay angle 
distributions are applied to eliminate the Λ(Λ)/Κ°, γ ambiguities'-46^. 
Using expression (VII.10), we find that the average value of the polar­
ization is 
Ρ(Λ) = 0.05±0.09 and Р(Л) = 0.0ЧЮ.Ш. 
The variation of Ρ as a function of χ is shown in figs. VII. 11a and 
VII. 11b. The data at 32 GeV/cf 7} are also shown for comparison. Both 
the Λ and Λ polarization at 70 GeV/c are consistent with zero over the 
whole χ range. For Λ production this confirms the results obtained at 
32 GeV/c and agrees with predictions by De Grand and Miettinen'-4°-'. For 
IA8 
Λ production however the same authors predict negative polarization va­
lues in the region x>0.2; a result indeed obtained at 32 GeV/c. The 
statistical significance of the 70 GeV/c A-data is not sufficient to 
either confirm or contradict this point. 
1 
С 
Ο ρ 
•о 
a 
Ν 
τ -·
2 
tí 
о
 е 
Q_ - . 6 
К
+
р - Л + Χ 
• 70 GeV/c 
о 32 GeV/c 
.6 -.2 
Х=р7р-
L ГЛОХ 
Fig. VII.Ila: The dependence of the Polarisation on χ for· the 
reaction K+p —> h + X at 32 and 70 GeV/e. 
l-i 
. 6 -
c 
° -2-
a 
N 
t - . 2 -tí 
-H 
О -Q_ - . 6 • 
- 1 -
1 1 г-
— Η 
K+ 
1 1 
ι 1 — 
ρ -* 
L+ 
—
Ί 
• 70 GeV/c 
о 32 GeV/c 
1 1 1 1 1 1 — 
— Г Г" 
л + 
и-1 
— I I 
1
 
ι
 
ι
 
1
 
1
 
1
 
1
 
Г
"
 1
 
"
 
χ
 
I
 
—
J-
"
 
-.6 
^ЧУС 
Fig. VII.lib: The dependence of the Polarization on χ for the 
reaction Y?p —> Λ + X at 32 and 70 GeV/c. 
- 149 -
CHAPTER Vili 
INCLUSIVE Kgg2 PRODUCTION 
The results presented in this chapter concern the reaction 
^892 K
+p -^ KÏQP + X (VIIIЛ) 
The study of the Код? resonance is an important tool for the in­
vestigation of strong interactions, since vector mesons are presumably 
more abundant as primary interaction products then the (scalar) pions 
and kaons. When studying production of such vector mesons one disposes 
not only of the usual transversal and longitudinal distributions but 
- analysing the decay K Q Q 2 —> K° w
+
 - also of (some of) the elements of 
its spin density matrix. 
As was already mentioned in chapter VI the Κ η π + mass spectrum 
shows (fig. VI.12) clear evidence for K Q Q 2 production, in spite of a 
considerable combinatorial background. In the very forward region (i.e. 
x>0.6) there is even a significant K ^ ™ signal. 
This chapter is organized as follows. In section VIII. 1 we give 
details on the parametrizations used to describe the resonance and 
background part in the various Кптг+ mass spectra. In section VIII.2 
the total and topological cross sections of reaction VIII.1 are pre­
sented. In section VIII.3 the differential cross sections are studied. 
In section VIII.1 the spin density matrix elements both in the 
so-called t-channel helicity (Gottfried-Jackson) and t-channel 
transversity rest frames are determined and compared with predictions 
based on phenomenological models. Wherever possible comparisons with 
the 32 GeV/c K+p data are made [ 4 9 ]. 
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Vili.1 К resonance production 
In principle, the inclusive total and differential cross sections 
can be obtained by fitting the relevant mass distributions to the for­
mula: 
— = BW.PS + BG (VIII.2) 
dM 
where BG stands for background, BW for the resonant (Breit-Wigner) 
function and PS for the phase-space distribution. Since we are dealing 
here with an inclusive reaction, involving not only a varying but also 
a generally unknown number of final state particles, the phase-space 
distribution cannot be calculated properly. We therefore assume that it 
can be represented by the same empirical function as the background. 
Since the Κ η π + mass distribution will be fitted over a region going as 
high as 1.8 GeV, we will include Breit-Wigners both for the К 1 Ц, 0 and 
*+ 
the Kgg2 resonance. The inclusive total and differential cross sections 
for reaction (VIII. 1) are thus obtained by fitting the Κ η π + mass dis­
tributions to the formula: 
do B G B W1 B W ? 
_ r (1-a -a ) — + a . . B G — 1 +a ?-BG — t . (VIII.3) 
dM No N1 N2 
where: BG is the background term 
BW1 represents a relativistic p-wave Breit-Wigner function for 
the Kqqp resonance 
BW, represents a relativistic d-wave Breit-Wigner function for 
the Κ.η-,η resonance 
Ν
Λ
 is a normalization constant equal to/BG-dM (F: fitted re-
° F 
gion of the effective mass distribution) 
N.J 2 a r e normalization constants equal to/BG-BW1 2'dM 
a·] 2 а г е free parameters, representing the fraction of events 
falling inside the Breit-Wigner distribution considered. 
The background is parameterized as: 
BG = (M-Mth)
a
.exp(-bM+cM2) (VIII.4) 
where M t h stands for the K
n
 ir+ threshold mass and a,b and с are free 
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parameters . 
The Breit-Wigners are given by1'1 J : 
ΜΓ 1 
BW(M) = : · _ ( v i n . 5 ) 
[(M2 - м 0 2 ) 2 + M 0 2 r 2 ] ч 
with Γ = r ^ f f . [ q ( M ) / q ( M 0 ) ] 2 1 + 1 . [ p ( M ) / p ( M 0 ) ] (VIII .6) 
where q = the magnitude of the momentum of each of the decay pro­
ducts in the re s t frame of the resonance considered. 
Г® = the e f fec t ive width of the resonance taking in to ac­
count the experimental r e s o l u t i o n 
1 = the r e l a t i v e o r b i t a l momentum of the decay products . 
Pj^ (M) = a slowly varying a t t e n u a t i o n f a c t o r , here chosen empir­
i c a l l y a s : 
P i(M) = [q2(M) + m2 ï ï+r1 (VII I .7) 
The values for the mass (MQ) and the intrinsic widths of the K*+ reso-
nances are taken from the Particle Data Group tables'- \ For the in-
variant mass calculations, all unidentified positive tracks are assumed 
to be pions. The results of these fits to the Κητ* effective mass 
spectra are multiplied by the Glebsch-Gordan factor 3/2 to take into 
account the unseen К+тг° decay modes for the Kggp and K^^g resonances. 
VIII.2 Inclusive cross sections 
The total cross section for reaction (VIII. 1) obtained by a fit to 
the mass spectrum of the total sample is (4.07±0.30±0.30) mb. The first 
error denotes the statistical error; the second one the systematic 
error accounting for uncertainties in the parametrization, the masses 
and widths and the fitting procedure adopted. A small increase in the 
total cross section is observed compared to the value of (3.t±0.3) mb 
obtained at 32 GeV/c; the error quoted in the latter result also takes 
into account the systematic effects. In table VIII.1 we give the cross 
sections for reaction (VIII.1) for fixed outgoing charged particle mul­
tiplicities (including the π + originating from the Kgg2 decay), togeth­
er with the values obtained at 32 GeV/c'· 4 9 , 5 1 J. Compared to the 
32 GeV/c data, the production of the KQQJ resonance at 70 GeV/c is 
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Table V I I I . l 
Topological 
r e a c t i o n K+p 
Topology 
2-prongs 
4-prongs 
б-prongs 
θ-prongs 
10-prongs 
¿12-prongs 
Sum 
: ross sect ions in [mb] for the 
—> K892+X at 32 and 70 GeV/c 
Cross sec t ions 
70 GeV/c 
0.40 ± 0.06 
1.07 ± 0.11 
1.19 ± 0.13 
0.81 ± 0.12 
0.43 ± 0.11 
0.10 ± 0.08 
4.00 ± 0.26 
Cross sec t ions 
32 GeV/c 
0.52 ± 0.05 
1.31 ± 0. 10 
1.05 ± 0.11 
0.35 ± 0.08 
0.083± 0.050 
0.056± 0.025 
3.37 ± 0.18 
shif ted to the higher topo log ies . Since t h i s e f fec t i s mainly due to a 
s imi lar sh i f t in the primary in t e rac t ion topological c ross s e c t i o n s , we 
»+ 
i nves t iga t e the average number of Kaqo resonances produced for a given 
m u l t i p l i c i t y η of t h e remaining charged p a r t i c l e s in the semi-inclusive 
reaction 
K+P - » κ * ; 2 + x n (VIII.1a) 
These average numbers can be calculated from the ones listed in 
table VIII.1 using the relation: 
< K892 >n = ση+1 ( κ892 ) / ση+ (VIII.8) 
where σ
η+
« are the topological cross sections listed in table V.1. The 
*+ 
values obtained for <Kgg2>n are shown in fig. VIII.1, together with the 
32 GeV/c results. Even after the renormal ization described above one 
still observes an increase in <Kon2>n from 32 GeV/c to 70 GeV/c for the 
higher topologies. 
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The background present in the total sample is too large to be able 
to determine a reliable total cross section for the К 
. »+ 
1410 г е з о п а п о е • 
However there i s a s i g n i f i c a n t К^ц™ s ignal in the Kn π + e f fec t ive mass 
d i s t r i b u t i o n in the region x>0.6 (See f i g . V I I I . 2 ) . Limited to t h i s r e ­
gion and c o r r e c t i n g for the unseen К+тг° decay mode only, a К-ц,™ cross 
sec t ion i s found of (0.33±0.08±0.10) mb. The f i t s used in deriving t h i s 
number are displayed on f ig . VIII .2 . In view of the x-cut, the above 
value i s a lower l i m i t only. The " lower- l imi t " cross sect ion for i n c l u ­
sive К.цод product ion, corrected for a l l decay modes i s (0.67±0.27) mb. 
At 32 GeV/c a value of (0.3*o'! j) m b w a s f o u n d · 
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Fig. Vili.2: The (Κηπ+) effective тавв distribution for the region 
χ(Κητ+)>0.6 at 70 GeV/c. 
VIII.3 Inclusive Kg g 2 distributions 
The differential distributions, are determined by repeating the 
fit procedures described in section VIII.1 for selected ranges of the 
considered variables. Since the experimental mass resolution depends 
strongly on the momentum, we used values for the resonance widths de­
pending on the x-region considered. These widths were obtained, separ­
ately for each x-region, from the experimental resolution functions in 
the mass region of the resonance. The values used are listed in 
table VIII.2. 
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Table Vili.2 
»+ *+ 
Effective width of the Kggp a n d K14-3,0 r e 3 0 n a n c e s 
as a function of the Feynman χ variable 
for K+p interactions at 70 GeV/c 
Feynman χ 
variable 
-1.0 - 0.0 
0.0 - 0.2 
0.2 - 0.4 
0.14 - 0.6 
0.6 - 0.8 
0.8 - 1.0 
0.6 - 1.0 
-1.0 - 1.0 
Width Kgg2 
[MeVJ 
56 
58 
59 
60 
63 
69 
66 
58 
Width K*¡ 3 0 
[MeV] 
110 
114 
116 
118 
120 
120 
120 
112 
Table VIII.3 
do/dx and str 
K+p —> 
χ region 
-1.0 - -0.4 
-0.4 - 0.0 
0.0 - 0.2 
0.2 - 0.4 
0.4 - 0.6 
0.6 - 0.8 
0.8 - 1.0 
0.6 - 1.0 
jcture function for the reaction 
Kgg2+X at 70 GeV/c 
do/dx 
[mb] 
0.12 ± 0.12 
1.73 ± 0.30 
4.23 ± 0.70 
4.67 ± 0.58 
3.56 ± 0.42 
2.60 ± О.ЗО 
1.34 ± 0.20 
2.06 ± 0.22 
f(x) 
[mb] 
0.07 ± 0.07 
0.38 ± 0.08 
O.94 ± 0.19 
1.63 ± 0.21 
1.86 ± 0.23 
1.84 ± 0.23 
1.37 ± 0.23 
1.61 ± 0.16 
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VIII .3.a Longitudinal momentum d i s t r i b u t i o n s 
In t a b l e V I I I . 3 . do/dx and the s t r u c t u r e funct ion: 
f ( x ) Γ d
2o 
Jdx.dpt
2 d P ; (V I I I .9) 
for the Kgg2 are given. Fig. VIII.3 shows the structure function, both 
for the 70 GeV/c and 32 GeV/c data. The results obtained are compatible 
with scaling over the full χ region. Fits of the expression A.(1-x)n to 
the experimental f(x) distribution have already been discussed in 
chapter VI. 
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І І І . З . Ь Transverse momentum d i s t r i b u t i o n s 
The d i f f e r e n t i a l cross sect ion da/dt for d i f f e r e n t regions of t i s 
l i s t e d in t a b l e V I I I . 4 . The data show a c l e a r turnover for 
t<0.4(GeV/c) , which i s mainly due to the so-cal led t j
n
 e f f e c t . 
Table VIII.4 
da/dt versus t f o r the r e a c t i o n 
K+p —> Kgg2+X at 70 GeV/c 
t r e g i o n 
(GeV/c) 2 
0.0 - 0.3 
0.0 - 0.1 
0.1 - 0.2 
0.2 - 0.3 
0.3 - 0.4 
0.4 - 0.6 
0.6 - 0.8 
0.8 - 1.2 
1.2 - 1.6 
1.6 - 2.0 
2.0 - 3.0 
3.0 - 4.0 
d a / d t 
[mb/(GeV/c) 2 ] 
0.73 ± 0.16 
0.56 ± 0.56 
0.68 ± 0.36 
0.97 ± 0.57 
1.20 + 0.11 
0.96 ± 0.22 
1.04 ± 0.24 
0.94 ± 0. 13 
0.72 ± 0.13 
0.63 ± 0.14 
0.53 ± 0.08 
0.27 ± 0.07 
The da/dt' distribution is tabulated in table VIII.5 and presented 
in fig. VIII.4, together with data obtained at 32 GeV/c. The 70 GeV/c 
data are comparable with the 32 GeV/c results. The concave shape of 
this distribution is very well parametrized by: 
I d a _
 f ι κ ν ' 
О-сКе
- 3
·
1
 + с.е~
ьл
 (Vili.10) 
a dt' 
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892 
Fig. VIII.4: The differential arose section da/dt' for the reaction 
K+p —» Kgto+X a t 32 and 70 GeV/c. 
A fit of this expression to the data up to t' = 2.0 (GeV/c)2 yields 
a=(3.37±0.86)(GeV/c)2 b=(0.0±0.5)(GeV/c)2 and c=(0.10±0.08) 
The resulting fit is shown on fig. VIII.t by a solid line. Fits with a 
single exponential or an exponential with a quadratic form do not give 
an acceptable fit to the data, a conclusion also derived from the 
32 GeV/c data. 
The da/dpt distribution is given in table VIII.6 and fig. VIII.5. 
In the same figure the 32 GeV/c data are shown for comparison. The 
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Table Vili.5 
d o / d t ' versus t ' fo r the r e a c t i o n 
K+p - > Kgg2 + X a t ?° GeV/c 
t ' reg ion 
(GeV/c)2 
0.0 - 0.1 
0.1 - 0.2 
0.2 - 0.3 
0.3 - 0.4 
0.4 - 0.6 
0.6 - 0.8 
0.8 - 1.2 
1.2 - 1.6 
1.6 - 2.0 
d a / d t ' 
[mb/ (GeV/c) 2 ] 
5.01 ± 0.65 
2.89 ± 0.55 
3.70 ± 0.56 
2.39 ± 0.52 
1.04 ± 0.30 
1.51 ± 0.29 
0.52 ± 0.20 
0.71 ± 0. 16 
0.53 ± 0.14 
Table VIII.6 
2 ? 
d a / d p t versus p t f o r the r e a c t i o n 
K+p - > Kgg2+X at 70 GeV/c 
2 P t reg ion 
(GeV/c)2 
0.0 - 0.04 
0.04 - 0. 12 
0.12 - 0.20 
0.20 - 0.28 
0.28 - 0.40 
0.40 - 0.60 
0.60 - 1.20 
1.20 - 2.20 
do /dp t 2 
[mb/ (GeV/c) 2 ] 
13.60 ± 2.20 
9.30 ± 1.45 
7.56 ± 1.33 
7.36 ± 0.98 
3.93 ± 0.54 
1.84 ± 0.41 
0.88 ± 0.15 
0.18 ± 0.05 
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do/dpt data can be described by: 
do 
JPt 
e"
a
-Pt (VIII. 11) 
A f i t of t h i s expression to the data from p t =0.2 (GeV/c) up to 
P t
2
= 2 . 2 (GeV/c)2 y i e l d s 
a=(2.40±0.25)(GeV/c) 2 
The f i t to the 70 GeV/c data i s given in f i g . VIII .5 by the sol id l i n e . 
10s 
10' 
Γ ι τ τ ι τ τ ι ι г-
к
+
Р - κ · ; 2 + χ 
. 7 0 GeV/c 
о 3 2 GeV/c 
-ι 1 ι 1 — 
1 1.5 
p t
2
 (GeV/c)2 
— ι 1 1 — 
2 2.5 
Fig. VIII.5: The differential cvoss seation da/áp¿ for the reaction 
, *+ K+p —> Kcqp+X &b 32 and 70 GeV/c. 
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Vili.4 Spin density matrix elements of the Kg«, 
In this section we study the Kgg2 spin density matrix elements in 
the t-channel helicity and t-channel transversity reference frames. 
Both frames are defined in such a way that the Kgg2 resonance is at 
rest. The t-channel helicity (Gottfried-Jackson) frame has its z-axis 
(spin-quantization axis) in the direction of the beam and its y-axis in 
the direction of the normal to the production plane. The t-channel 
transversity frame has its y-axis in the direction of the beam and its 
z-axis in the direction of the normal to the production plane. 
The data sample used in the subsequent analysis consists of all 
(Κηιτ+) mass combinations falling in the mass band between 0.84 and 
0.96 GeV. 
The cuts M2/s<0.4 and t<1.2 (GeV/c)2 are applied to the data sam­
ple mentioned above, when working in the t-channel helicity frame. The 
choice of these cuts is justified by background considerations. Inspec-
tion of fig. VIII.6 indeed shows that the background in the Kgnn region 
can be neglected. This allows us to use a simple form of angular dis­
tribution without adding mass dependent background terms. The spin den­
sity matrix elements in the t-channel helicity frame are obtained by a 
maximum likelihood fit, using the following angular distribution 
(spin 1~): 
Ксоэ .ф) = — [p00cos
2
e + -( 1-p00)sin
29 - Р^зіп^ созгФ -
- V?.Rep10sin20cos*] (VIII. 12) 
During the fits the positivity constraints'-'' ' are imposed. To allow a 
comparison with the results obtained at 32 GeV/cL '^ the same ranges of 
2 ? 
t and M
x
/s were used; i.e. 0<M£/S<0.1 to study the t-dependence and 
0.2<t<0.8 (GeV/c)2 to study the M2/s-dependence. 
In table VIII.7 and fig. VIII.7, we present the t-dependence of 
the spin density matrix elements p Q 0, ρ 1 - Ί and Re p 1 Q. The figure also 
contains the 32 GeV/c results for comparison. No significant change is 
observed when going from 32 to 70 GeV/c. The corresponding 
Mjj/s-dependence of the spin density matrix elements is presented in 
table VIII.8 and fig. VIII.8. Also for M2/s the data at 
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Fig. Vili.6: The (Κηπ+) effective mass distribution for n'/eS.0.4 and 
t<1.2(GeV/c)a at 70 GeV/c. 
32 and 70 GeV/c do not show a significant difference. The values 
obtained for the spin density matrix elements indicate that there is an 
important contribution from pseudoscalar meson exchange. 
Recent model calculations in the framework of the recombination 
pic ture f"-' make predictions for the spin density matrix elements in 
the t-channel transversity frame. These predictions are valid for the 
region 0.4<x<0.7. They should be fairly pfc-independent. Specifically 
predicted are the values 
p11 ~ p00 " P-1-1 ~ 1 / 3 a n d p1-1 " °· 
#+ 
We have also determined the spin density matrix elements of the Kgg£ in 
our data for the t-channel transversity frame. To allow comparison with 
the model mentioned above we applied the cut 0.4<x<0.7 to our data. In 
this particular kinematical region we have a clear Kgg2 signal with ne-
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g l i g i b l e the background. The t-channel t r a n s v e r s i t y frame spin dens i ty 
matrix elements are obtained by a maximum l ike l ihood f i t to the exper i­
mental data using the following expression for the angular d i s t r i b u t i o n 
(spin 1~): 
Ксоз .ф) = -L [_(1-p 0 0 ) + _ ( 3 p 0 0 - l ) c o s 2 0 - ReP1_1)sin20cos2<ii -
- І т Р 1 _ 1 з і п
2
 эіп2ф] (VIII . 13) 
Again the appropr iate p o s i t i v i t y constraints '-- ' 2 - ' are imposed during the 
f i t s . 
The r e s u l t s of the f i t s in d i f f e r e n t p t - i n t e r v a l s are given in 
t a b l e VIII .9 and in f ig . VIII .9 . The r e s u l t s show an approximate agree­
ment with the p r e d i c t i o n s of the quark recombination model. 
- 164 -
Table Vili.7 
t - dependence of the spin density matrix elements 
in the t-channel helicity frame for the reaction 
K+p -> Kgg2 + X at 70 GeV/c 
t [(GeV/c)2] 
0.0 - 0.4 
0.4 - 0.8 
0.8 - 1.2 
p00 
0.47 ± 0.09 
0.57 ± 0.09 
0.29 ± 0.14 
p1-1 
-0.13 ± 0.08 
0.09 ± 0.07 
0.35 ± 0.09 
Re P 1 0 
0.04 ± 0.06 
-0.09 ± 0.06 
0.00 ± 0.05 
Table VIII.8 
Mfl/s - dependence of the spin density matrix elements 
in the t-channel helicity frame for the reaction 
K+p -> Kgg2 + X at 70 GeV/c 
M2/s 
0.0 - 0.2 
0.2 - 0.3 
0.3 - 0.4 
p00 
0.45 ± 0.16 
0.57 ± 0.13 
0.67 ± 0.09 
p1-1 
0.21 ± 0. 13 
0.01 ± 0.09 
0.04 ± 0.07 
Re o 1 0 
0.11 ± 0.08 
-0.01 ± 0.07 
-0.08 ± 0.06 
Table VIII.9 
Spin density matrix elements in the t-channel 
frame for the reaction К 
K+p -> Kgg2 + 
p t [GeV/c] 
0.0 - 0.2 
0.2 - 0.4 
0.4 - 0.6 
0.6 - 0.8 
0.8 - 1.0 
1.0 - 1.5 
p00 
0.27 ± 0.05 
0.26 ± 0.09 
0.44 ± 0.11 
0.43 ± 0.14 
0.82 ± 0.16 
0.66 ± 0.16 
+ *
+ 
ρ —> Kgg2 + X a 
X at 32 and 70 
Re
 P l_, 
0.09 ± 0.05 
0.00 ± 0.08 
0.07 ± 0.10 
-0.03 ± 0.11 
0.08 ± 0.16 
0.02 ± 0.10 
transversity 
t 70 GeV/c 
GeV/c 
Im P. « 
0.13 ± 0.05 
0. 10 ± 0.09 
0.03 ± 0.08 
0.14 ± 0.13 
-0.02 ± 0.16 
-0.16 ± 0.16 
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CHAPTER IX 
CONCLUSIONS 
The conclusions concerning the experimental set up are: 
1. A very good separation of 70 GeV/c K + mesons from π + mesons and 
protons was achieved using radio frequency cavities. The π- and 
μ-contaminations were determined to be -2% and =1% respectively. 
2. In our experiment the detection-efficiency in BEBC for the charged 
decay-modes of K°, Λ and Λ is as high as 70%, making this bubble 
chamber an excellent tool to study the strong interactions in which 
these particles are produced. 
3. The efficiency of proton identification in BEBC for momenta below 
0.9 GeV/c based on the geometrical reconstruction only, is as high 
as 90%; it decreases to 301 at 1.2 GeV/c. Supplementing this method 
with a technique of visually estimating the track bubble densities, 
a reliable identification of protons becomes possible up to momenta 
of 1.2 GeV/c. 
4. The <Δρ/ρ> value for beamtracks is of the order of 12%. For the 
V°-tracks this value is of the order of 3%. This indicates a meas­
urement precision sufficient for physics analyses. 
The conclusions with respect to the scan and measurement system 
are : 
5. Efficient scanning and measurement of BEBC pictures is only possi­
ble using scan and/or measurement machines with an extensive opera­
tor-computer interaction. 
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6. The Abel hand-measurement machines, coupled to the on-line system 
OLS are able to measure BEBC events with a precision better than 
5 μ on the film and an average speed of 1.2 event/hour. The 
fraction of events that need remeasuring is as small as 1%. 
The conclusions on the geometrical and kinematical reconstruction 
of K+p interactions at 70 GeV/c are: 
7. The BEBC geometry program is able to reconstruct all well measured 
events with an efficiency of approximately 100Í. 
8. The efficiency of the kinematics program to obtain a 3C-fit for a 
K°, whose primary interaction and decay tracks have been recon-
structed by the geometry program is as high as (97±2)%. For Λ and Λ 
this efficiency is (95±3)ϊ. 
The conclusions on the method used to resolve ambiguities in the 
identification of neutral strange particle decays produced in 70 GeV/c 
K+p interactions are: 
9. Most ambiguities can be resolved properly by a method which uses 
the decay angle distributions of the neutral particles and their 
3C-fit probabilities. 
10. After "resolving" the ambiguities following the methods mentioned 
under 9, the contamination in the K° sample by A's and Ä's is re-
duced to approximately 0.2%. The contamination in the Λ and Λ sam­
ple by K°'s becomes approximately 2. 3Í and 4.4Í respectively. 
The conclusions on the determination of cross sections and on the 
charged multiplicity distributions are: 
11. The topological cross sections and the various charged multiplicity 
parameters obtained for 70 GeV/c K+p interactions interpolate 
smoothly between the values obtained at lower momenta and those at 
100 and 147 GeV/c. 
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12. Exact KNO scaling is violated in K+p interactions. It is however 
possible to parametrize the variable D-c'n/'ainel v e r s u s (nc~<nc>^D 
for K+p data at all energies in terms of a generalized 
one-parameter Poisson distribution. 
The results on inclusive Kn physics can be summarized as follows: 
13. The rapid rise of the inclusive Kn-cross section observed at lower 
energies persists at 70 GeV/c. It is confirmed that this rise is 
essentially due to rapid increase of the multikaon cross sections. 
In going from 32 GeV/c to 70 GeV/c incident momentum the relative 
contribution from K^ inclusive production increases from (8±1)% to 
(16±1)Í. 
14. Inclusive longitudinal momenta distributions scale in all produc-
tion regions (target, beam and central). 
15. The energy dependence of inclusive Kn production in the 
beam-fragmentation region is confirmed to be in disagreement with 
the Regge-Mueller prediction. 
16. Inclusive transverse momentum distributions and distributions of 
momentum transfer from K+ to Kn can be satisfactorily fitted by a 
sum of two (independent) exponentials only. 
17. The Feynman x-distribution of the inclusive prompt Kn,s can be des-
cribed by means of a recombination model. Fragmentation models 
based on recombination model type distribution functions do not 
describe the prompt (("-longitudinal data. The Lund δ-function ap­
proach combined with the Field-Feynman fragmentation functions does 
agree with these data. 
The conclusions of the study of inclusive Λ and Λ production are 
summarized as follows: 
18. The total cross sections at 70 GeV/c, σ(Λ) = (1.07±0.04) mb and 
σ(Λ) = (0.66*0.04) mb, are approximately in agreement with a Ins 
increase. Moreover the cross sections for multiplicities larger 
than four are increasing rapidly above 32 GeV/c. 
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19. Λ's are produced preferentially in the target fragmentation region 
and A's mainly in the beam fragmentation region. The structure 
function for Λ production scales for values of χ below 0.1; for Λ 
production for values of χ above -0.1. Outside these regions the 
70 GeV/c data tend to lie systematically above the 32 GeV/c data. 
20. The slopes of the do/dpt
2
 distributions for A's and A's are approx­
imately the same at 70 GeV/c. The decrease in slope with increasing 
energy, very strong at the lower energies, has disappeared between 
32 and 70 GeV/c. 
21. Both the A and A polarization are consistent with zero over the 
whole x-region. For the A production this agrees with the predic­
tions by De Grand and Miettinen. 
The investigations of the inclusive K Q Q 2 production can be 
summarized as follows: 
22. The Kgn2 cross section at 70 GeV/c is (4.07±0.4) mb, a value 
slightly higher than the cross section obtained at 32 GeV/c, 
23. The average number of Kgn2 resonances produced in the lower topolo­
gies is comparable with the 32 GeV/c results but significantly 
larger than in the latter experiment for the higher topologies. 
24. The Kgnp structure function is consistent with scaling between 
32 GeV/c and 70 GeV/c over the full χ region. 
25. The do/dt' distribution at 70 GeV/c is comparable with the 32 GeV/c 
one. The do7dpt
2
 distribution does not show a significant energy 
dependence between 32 GeV/c and 70 GeV/c. 
26. The K„q2 t-channel helicity frame spin density matrix elements de­
termined at 70 GeV/c are not significantly different from the ones 
obtained at 32 GeV/c. Their values indicate that Ko q 2 production 
at small t has an important pseudoscalar meson contribution. The 
spin density matrix elements in the transversity frame show an ap­
proximate agreement with the predictions of a quark recombination 
model. 
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SUMMARY 
This thesis is based on data from the 70 GeV/c K+p experiment with 
the Big European Bubble Chamber (BEBC). 
The exposure of the bubble chamber took place at the 400 GeV/c 
Super Proton Synchrotron (SPS) of the European Laboratory for High 
Energy Physics research (CERN) in Geneva. The most important 
characteristics of this experiment are the (for these energies) very 
high purity of the K + beam (=97i) and the high detection efficiency 
(=70$) for the visible decay modes of the semi-stable neutral "strange" 
particles: the K^ mesons and the Λ and Λ baryons. The attribute strange 
is used for particles with a strangeness quantum number different from 
zero. 
The reactions studied in this thesis are all of the type that at 
least one neutral strange particle is produced. The carrier of this 
strangeness quantum number is the so-called strange quark, i.e. one of 
the constituents of strange particles. The study of these reactions is 
of great importance to get an insight in the behaviour of these strange 
quarks in processes, mediated by strong interactions. 
Approximately 50.000 K+p interactions have been analysed by a 
collaboration of six laboratories (Brussels, CERN, Genua, Mons, 
Nijmegen and Serpukhov). In approximately 7600 of these interactions 
one or more К^, Λ and/or A's were detected in BEBC. 
Chapter I gives a description of the 70 GeV/c K + beam and the 
bubble chamber. 
Chapter II deals with the measurement system, as it was developed 
and used at Nijmegen for the measurement of BEBC pictures. The 
interactive software steering this measurement system played an 
important role in obtaining a sufficiently large sample of good quality 
measurements. 
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Chapter III describes the chain of operations needed to convert 
the interactions recorded on film into quantities useful for further 
analyses. We distinguish the following phases: 
•The scanning of the interactions and their associated decay 
processes on the film. 
•The measurement of the trajectories on the film caused by the 
charged particles involved. 
.The spatial reconstruction of these trajectories. 
.The identification of the neutral particles produced in K^p 
interactions. 
.The identification of slow protons. 
.The quality checks on the operations mentioned above. 
Chapter IV gives some details on the methods used to solve 
ambiguities in the identification of neutral particles at very high 
energies. 
Chapter V deals with the determination of topological cross 
sections. Their values and the resulting charged multiplicity 
parameters are compared to those obtained at other energies. The 
corrections needed to compensate the various types of losses are 
mentioned. In addition the procedure used to calculate neutral strange 
particle production cross sections is described. 
Chapter VI is dedicated to the production of K^ mesons. The 
so-called "inclusive" cross sections for the production of one, two or 
three K^ mesons are interpreted in terms of final states, in which all 
strange particles produced are explicitly present. The invariant cross 
section for K° production is studied as function of p^ and the 
Feynman-x variable. Our results are compared to those obtained with an 
incident K + beam at 32 GeV/c. The Feynman-x distribution is considered 
both "raw" and corrected for the presence of K°'s originating from 
Kggp-decays. Comparison with the predictions from the Regge-Mueller 
formalism, the recombination model and fragmentation models are made. 
Chapter VII concerns inclusive Λ and Λ production. Cross sections 
and single-particle distributions are compared with similar data at 
lower energies. The Λ and Λ polarization are determined as a function 
of pt' and the Feynman-x variable.. 
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Chapter V I I I describes the inclusive production of the Kgg? 
resonance. Both the t o t a l , topological and the d i f f e ren t i a l cross 
sections are determined and again compared with the results obtained at 
32 GeV/c. The spin density matrix-elements are determined for the 
t-channel h e l i c i t y (Gottfried-Jackson) and the t-channel transversity 
reference frame. The results are compared with predictions made in 
terms of quark-parton dynamics. 
Chapter IX i s reserved for conclusions. 
- 178 -
SAMENVATTING 
Dit proefschrift is gebaseerd op experimentele gegevens afkomstig 
van het 70 GeV/c K+p experiment met het grote Europese bellenvat BEBC. 
De bestraling van het bellenvat vond plaats bij het 400 GeV/c 
Super Proton Synchrotron (SPS) van het Europees laboratorium voor 
onderzoek op het gebied van de Hoge Energie Fysica (CERN) te Geneve. De 
belangrijkste kenmerken van dit experiment zijn de voor deze energieën 
grote zuiverheid van de K+ bundel (=97ï) en de grote detectie 
efficiency (=70ï) voor de zichtbare vervalswijze van semi-stabiele 
neutrale "vreemde" deeltjes: de K° mesonen en de Λ en Λ baryonen. De 
toevoeging vreemd wordt gebruikt voor deeltjes met een 
vreemdheidsquantumgetal verschillend van nul. 
De reacties die in dit proefschrift onderzocht worden zijn alle 
gekenmerkt door het feit dat er minstens één neutraal vreemd deeltje 
wordt geproduceerd. De drager van dit vreemdheids quantum getal is de 
vreemde quark, één van de bouwstenen van vreemde deeltjes. De studie 
van deze reacties is van groot belang om inzicht te krijgen in het 
gedrag van deze vreemde quarks in processen, waarbij de sterke 
wisselwerking een rol speelt. 
In totaal zijn ongeveer 50.000 K+p interacties geanalyseerd door 
een samenwerkingsverband van zes laboratoria (Brussel, CERN, Genua, 
Mons, Nijmegen en Serpukhov). In ongeveer 7600 van deze interacties 
werden een of meerdere K^, Λ en/of A's gedetecteerd in BEBC. 
Hoofdstuk één geeft een beschrijving van de 70 GeV/c K+ bundel en 
het bellenvat. 
Hoofdstuk twee handelt over het meetsysteem dat in Nijmegen is 
ontwikkeld en gebruikt voor het meten van BEBC foto's. De interactieve 
besturingssoftware van dit meetsysteem heeft een belangrijke rol 
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gespeeld bij het verkrijgen van een voldoende omvangrijk en qualitatief 
goed sample metingen. 
Hoofdstuk drie beschrijft de keten van bewerkingen die nodig zijn 
om de op foto's vastgelegde interacties om te zetten in grootheden die 
bruikbaar zijn voor verdere studie. We kunnen hierbij de volgende fasen 
onderscheiden : 
.Het opsporen van interacties en vervalsprocessen van deeltjes op de 
foto's. 
.Het meten van de sporen op de film die door de betrokken geladen 
deeltjes in het bellenvat worden beschreven. 
.Het ruimtelijk reconstrueren van deze sporen. 
.Het identificeren van neutrale deeltjes die in de K+p interacties 
werden geproduceerd. 
.Het identificeren van langzame protonen. 
.Het uitvoeren van kwaliteitscontroles met betrekking tot de boven 
vermelde bewerkingen. 
Hoofdstuk vier gaat nader in op de methoden die zijn gebruikt om 
ambiguïteiten op te lossen die optreden bij de identificatie van 
neutrale deeltjes bij zeer hoge energieën. 
Hoofdstuk vijf handelt over het bepalen van topologische werkzame 
doorsneden. Hun waarden en de daaruit afgeleide multipliciteits 
parameters worden vergeleken met resultaten verkregen bij andere 
energieën. De correcties die nodig zijn om de verschillende soorten 
verliezen te compenseren komen hierbij aan de orde. Tevens wordt een 
beschrijving gegeven van de procedure die is gebruikt voor het 
berekenen van werkzame doorsneden voor de productie van neutrale 
vreemde deeltjes. 
Hoofdstuk zes is gewijd aan de productie van K° mesonen. De zgn. 
"inclusieve" werkzame doorsneden voor de productie van één, twee of 
drie К? mesonen worden geïnterpreteerd in termen van eindtoestanden, 
waarin alle geproduceerde vreemde deeltjes expliciet optreden. De 
invariante werkzame doorsnede voor K^ productie wordt bestudeerd als 
functie van pß en de Feynman-x variabele. Onze resultaten worden 
vergeleken met die welke zijn verkregen met een invallende K+ bundel 
van 32 GeV/c. De Feynman-x verdeling wordt eveneens beschouwd na 
correctie voor de aanwezigheid van K°'s die afkomstig zijn van Kgoj 
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verval. Ze worden vergeleken met voorspellingen van het 
Regge-Mueller-formalisme, het recombinatie model en fragmentatie 
modellen. 
Hoofdstuk zeven heeft betrekking op inclusieve Λ en Λ productie. 
Werkzame doorsneden en één-deeltjes verdelingen worden vergeleken met 
overeenkomstige gegevens bij lagere energieën. De Λ en Λ polarizatie 
p 
wordt bepaald als functie van p^ en de Feynman-x variabele. 
Hoofdstuk acht behandelt de inclusieve productie van de Kgg2 
resonantie. Zowel de totale en topologische als de differentiële 
werkzame doorsneden worden bepaald en vergeleken met de resultaten 
verkregen bij 32 GeV/c. De spin dichtheidsmatrix elementen worden 
bepaald voor het heliciteits- (Gottfried-Jackson-) en 
transversaalsysteem. De resultaten worden vergeleken met voorspellingen 
gedaan in termen van quark-parton dynamica. 
Hoofdstuk negen bevat de conclusies. 
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